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PLASTICALLY DEFORMING AND RADIALLY EXPANDING AN EXPANDABLE 

TUBULAR MEMBER 
This inventton relates generally to plastically deforming and radially expanding 
an expandable tubular member. 
5 Background of the Invention 

Conventionally, when a wellbore Is created, a number of casings are installed in 
the borehole to prevent collapse of the borehole wall and to prevent undesired outflow 
of drilling fluid into the fonnation or inflow of fluid from the fbnnation Into the borehole. 
The borehole is drilled in intervals whereby a casing which is to be installed In a lower 
10 borehole Interval is lowered through a previously installed casing of an upper borehole 
interval. As a consequence of this procedure the casing of the lower interval is of 
smaller diameter than the casing of the upper Interval. Thus, the casings are In a 
nested arrangement with casing diameters decreasing in downward direction. Cement 
annuli are provided between the outer surfaces of the casings and the borehole wall to 
1 5 seal the casings from the borehole wall. As a consequence of this nested aoangement 
a relatively large borehole diameter is required at the upper part of the wellbore. Such 
a large borehole diameter Involves Increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to required cement pumping, 
20 cement hardening, required equipment changes due to large variations In hole 

diameters drilled in the course of the well, and the large volume of cuttings driUed and 
removed. 

The present invention is directed to overcoming one or more of the limitations of 
the existing procedures for fomnlng new sections of casing in a wellbore. 

Summary of the Invention 
According to the present invention there is provided a mettiod of plastically 
defonrrtng and radially expanding an expandable tubular member using an apparatus 
comprising a tubular support member, an adjustable expansion device movably 
coupled to ttie tubular support member, and an actuator movably coupled to flie tubular 
30 support member for adjusting the adjustable expansion device, comprising: 

coupling a first end of tiie expandable tubular member to a tubular stmcture; 
inserting the apparatus Into the flret end of the expandable tubular member in a 
first direction; 

displadng the actuator of the apparatus In a second direction opposite to the 
35 first direction; 

applying a resnient biasing force to the adjust able expansion devifift in «hA 
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,,l«eitln9lheacUiat<>r<<lheapparaU.slrtolheseconden<lotinB xp». 
tubularmBinb«fliitl»socond<llrecllon; .,„h«*»Iw 



comprises: 



"^^"Hinn th« actuator with the first end of the ejcpandable tubular member. 

member, comprising: 

„«,™ fcr dMad,^ the a<*««n9 mean. o. the appaatye In a *^ 
35 v^m.ac.ua«n9™ansl,*p.acedlnlh.*«dl«c«on: 
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means for increasing the outside diameter of the adjustable expansion device by 
displacing the actuating means and the adjustable expansion device relative to the 
expandable tubular member In a second direction opposite to the first direction. 

Preferably, the means for displacing the actuating means of the apparatus in the 
first direction comprises: 

means for impacting the actuating means. 

Preferably, the means for displacing the actuating means and the adjustable 
expansion device relative to the expandable tubular member in the second direction 
comprises: 

means for impacting the actuating means. 

Brief Description of the Drawings 
Rgs. 1 and 1a-1d are fragmentary cross-sectional views of an embodiment of 
the placement of an apparatus for radially expanding a tubular member within a tubular 
member within a borehole within a subterranean formation. 

Fig. 1e is a cross-sectional view of an embodiment of the expansion cone 
support body of the apparatus of Rgs. 1 and 1a-1d. 

Rg. If is a cross-sectional view of the expansion cone support body of Rg. 1e. 
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Rg. 1g is a side view of an embodiment of an expansion cone segment for use 
in the apparatus of Figs. 1 and 1a-1d. 

Fig. 1h is a front view of the expansion cone segment of Fig. 1g. 

Fig. 1 Ms a top view of the expansion cone segment of Fig. 1g. 
5 Fig. 1j is a top view of an embodiment of intertocking expansion cone segments 

for use in the apparatus of Figs. 1 and 1a-1d. 

Fig. 11c is a top fragmentary drcumferentiai view of an embodiment of the 
coupling arrangement between the expansion cone segments and the split ring collar 
for use in ttie apparatus of Figs. 1 and 1a-1d. 
1 0 Rgs. 1 1 and 1 m are top schematic views of an embodiment of the coupling 

between the J-slots of the drag blocks and the lugs of the tubular support member of 
the apparatus of Figs. 1 and 1a-1d. 

Figs. 2 and 2a-2d are fragmentary cross-sectional illustrations of the apparatus 
of Rgs. 1 and 1a-1d during the radial expansion of the tubular member within the 
15 borehole within the subterranean formation. 

Figs. 2e and 2f are illustrations of an embodiment of the J*slots of the drag 
blocks and the lugs of the tubular support member of the apparatus of Rgs. 2 and 2a- 
2d. 

Figs. 2g and 2h are illustratioris of an alternative embodiment of the J-slots of 
20 the drag blocks and the lugs of the tubular support member of the apparatus of Figs. 2 
and 2a-2d. 

Figs. 3 and 3a-3c are fragmentary cross-sectional illustrations of an 
embodiment of the placement of an apparatus for radially expanding a tubular member 
within a wellbore casing within a subterranean fonmatim. 
25 Fig. 3d is a cross-sectional view of an embodiment of the expansion cone 

support body of the apparatus of Figs. 3 and 3a-3a 

Fig. 3e is a cross-sectional view of the expansion cone support body of Fig. 3d. 
Fig. 3f Is a side view of an embodiment of an expansion cone segment for use 
in the apparatus of Rgs. 3 and 3a-3a 
30 Fig. 3g is a front view of the expansion cone segment of Rg. 3f. 

Fig. 3h is a top view of the expanston cone segment of Rg. 3f . 
Fig. 3i is a top view of an embodiment of intertocking expansion cone segments 
for use in the apparatus of Rgs. 3 and 3a-3c. 

Fig. 3j is a top fragmentary drcumferentiai view of an embodiment of the 
35 coupling anangement between the expansion cone segments and the split ring collar 
for use in the apparatus of Rgs. 3 and 3a-3c. 



Figs. 4 and 4a-4d are fragmentafy cross-sectionai illustrations of an 
emtxxllffient of the placement of the apparatus of Rgs. 3 and 3a-3c including an 
expandable tulnjlar member within an expandable tubular member within a 
subterranean fomfiation. 

Rgs. 5 and 5a-5d are fragmentary cross-sectional illustrations of an 
embodiment of the operation of the apparatus of Rgs. 4 and 4a-4d during the radial 
expansion of the expandable tubular member within the borBhole within the 
subterranean formation. 

Figs. 6 and 6a-6d are fragmentary cross-sectional Illustrations of an 
embodiment of ttie placement of an apparatus for radially expanding a tubular member 
wtthin a borehole within a subtenranean fonnation. 

Rg. 6e is a cross-sectional view of an embodiment of the expansion cone 
support body of ttie apparatus of Figs. 6 and 6a-6d. 

Fig. 6f is a cross-sectional view of the expansion cone support body of Rg. 6e. 
Rg. 6g is a side view of an embodiment of an expansion cone segment for use 
in One apparatus of Figs. 6 and 6a-6d. 

Fig. 6h is a firont view of Oie expansion cone segment of Fig. 6g. 
Fig. 6i Is a top view of tiie expansion cone segment of Rg. 6g. 
Fig. 6J is a top view of an embodiment of interlocking expansion cone segments 
for use in ttie apparatus of Figs. 6 and 6a^d. 

Fig. 6k is a top fragmentary drcunrtferential view of an embodiment of the 
coupling arrangement between ttie expansion cone segments and the split ring collar 
for use in the apparatus of Figs. 6 and 6a-6d. 

Figs. 7 and 7a-7c are fragmentary cross-sectional illustt^Oons of an 
embodiment of the placement of ttie apparatus of Figs. 6 and 6a-€d including an 
expandable tubular member wlttiin a borehole wittiln a subterranean fonnation. 

Rgs. 6 and 8a-8d are fragmentary cross-sectional illustrations of an 
embodiment of the operation of ttie apparatus of Rgs. 7 and 7a-7d during ttie radial 
expansion of ttie expandable tubular member within a borehole wittiln a subterranean 
fomfiation. 

Rg. 9 is a firagmentary cross sectional Illustration of an embodiment of an 
expansion cone assembly In an unexpended position. 

Rg. 9a is a cross sectional IHustration of the expansion cone assembly of Rg. 9. 

Fig. 10 is a fragmentary cross sectional Illustration of ttie expansion cone 
assembly of Fig. 9 in an expanded position. 



Fig. 10a is a ctx>ss sectional illustration of the expansion cone assembly of Fig. 

10. 

Fig. 1 1 is a fragnientary cross sectional illustration of an emt)odiment of an 
expansion cone assembly in an unexpended position. 
5 Rg. 1 la is a cross sectional illustration of the expansion cone assembly of Fig. 

11. 

Fig. 12 is a fragmentary cross sectional illustration of the expanston cone 
assembly of Fig. 11 in an expanded position. 

Fig. 12a is a cross sectional illustration of the expansion cone assembly of Rg. 

10 12. 

Fig. 13 is a fragmentary cross sectional illustration of an embodiment of an 
expansion cone assembly in an unexpended position. 

Rg. 13a is a cross sectional illustration of the expansion cone assembly of Fig. 

13. 

15 Fig. 1 3b is a fragmentary top circumferential illustration of the expansion cone 

segment assembly of Fig. 13 that illustrates the Interleaved sets of collets. 

Fig. 1 3c is a Asgmentary cross sectional illustration of the interleaved collets of 
Fig. 13b. 

Fig. 14 is a firagnrantary cross sectional illustration of the expansion cone 
assembly of Fig. 13 in an expanded position. 

Fig. 14a is a cross sectional illustration of the expansion cone assembly of Fig. 

14. 

Figs. 15 and 15a-1Sc are fragmentary crosfr«ectional illustratims of an 
embodiment of the placement of an apparatus for radially expanding a tubular member 
within a borehole within a subtemanean formation. 

Fig. 1 5d Is a cross-sectional view of an embodiment of the expansion cone 
support body of the apparatus of Figs. 15 and 15a-1S& 

Rg. 15e is a cross-sectional view of the expansion cone support body of Fig. 

15d. 

Rg. 1 5f is a skJe view of an embodiment of an expansion cone segment for use 
in the apparatus of Figs. 15 and 15a-15& 

Fig. ISg is a front view of the expansion cone segment of Rg. 1 5f. 
Fig. 15h is a top view of the expansion cone segment of Fig. 15f. 
Fig. 151 is a top view of an embodiment of interlocking expansion cone 
segments for use in the apparatus of Figs. 15 and 15a-15a 



Rg. 1 5J is a top fragmentary drcumferentlal view of an embodiment of the 
coupling arrangement between the expansbn cone segments and the split ring collar 
for use in the apparatus of Figs. 15 and 15a-15c. 

Figs. 16 and 16a-16c are fragmentary cross-sectional illustrations of an 
embodiment of the placement of the apparatus of Rgs. 15 and 15a-16j Including an 
expandable tubular member within a borehole within a subterranean fbrmatfon. 

Rgs. 17 and 17a-17c are fragmentary cross-sedional illustrations of an 
embodiment of the operation of the apparatus of Rgs. 16 and 16a.16c during the radial 
expansion of the expandable tubular member within a borehole within a subterranean 
formation. 

Fig. 18a is a cross sectional illustration of an embodiment of a segmented 
expansion cone assembly In an unexpended position. 

Fig. 18b is a fragmentary drcumferentlal top illustration of the expansion cone 
and split ring collar of Rg. 18a. 

Rg. 18cls a fragmentary cross-sectional iOustratlon of the expansion cone 
support flange of the expansion cone assembly of Fig. 18a. 

Rg. 18d is a cross-sectional illustration of the expansion cone support flange of 
Rg. 18c. 

Rg. 19a is a cross sectional Illustration of an embodiment of the segmented 
expansion oone assembly of Fig, 18a in an expanded position. 

Fig. 19b is a fragmentary drcumferentlal top view of the expansion cone of Fig. 

19a. 

Rgs. 20a.20m are top drcumferentlal views of various alternative embodiments 
of interiocking expansion cone segment geometries. 

Oatalied DescripUon of the lliustratlve Embodiments 
Refwring initially to Figs. 1 and la-Id, an embodiment of an apparatus and 
method for radially expanding a tubular member will now be described. As illustrated in 
Figs. 1 and la-Id, a wellbore 100 is positioned in a subtenanean fomiation 105. In an 
exemplary embodiment, the nveilbore 100 may Indude a preexisting cased section 
1 10. The wellbore 100 may be positioned in any orientation from vertical to horizontal. 

In order to extend the wellbore 100 Into the subterranean fbnnation 105. a drill 
string Is used In a well known manner to driH out material from the subtenanean 
fomiaBon 105 to fomi a new wellbore sectk)n 1 15. In a pr«fened embodiment, the 
inside diameter of the new wellbore sectkm 115 Is greater than or equal to the inside 
diameter of the preexisting wellbore casing 110. 



A tubular member 120 defining a passage 120a may then be positioned withijt 
the wellbore secBon 1 15 with the upper end 120b of the tubuiar member coupled to the 
wellbore casing 1 1 0 and the tower end 120c of the tubular member ©Klending Into the 
wetlbore section. The tubular member 120 may be positioned within the wellbor© 
5 section 1 15 and coupled to the wellbore raising 1 10 in a conventional marmar. In a 
preferred embodiment, the tubular member 120 is positionsd within the wellbore 
section 1 15 and coupled to the wellbor® rasing 1 10 using one or more off the methods 
and apparatus disclosed in one or mm of the following: (1) U.S. patent appli(a)tion 
serial no. 09/454,139. attorney docket no. 25791.03.02. filed on 12/3/1999. (2) U.S. 
10 patent application serial no. 09/51 0.91 3. attorney docket no. 25791 .7.02. filed on 
2/23/2000, (3) U.S. patent appliratlon serial no. 09/502,350. attorney docket no. 
25791.8.02, filed on 2/10/2000. (4) U.S. patent application serial no. 09/440.338. 
attorney docket no. 25791 .9.02. filed on 1 1/15/1999. (5) U.S. patent application serial 
no. 09/523.460. attorney docket no. 25791.11.02. filed on 3/10^2000. (8) U.S. patent 
15 appliration serial no. 09/512.895. attomey docket no. 25791.12.02. filed on 2«4ffi000. 
(7) U.S. patent applicatton serial no. 00/511.941. attomey docket no. 25791.16.02. filed 
on 2/24/2000. (8) U.S. patent appliration serial no. 09/588.946, attomey docket no. 
25791.17.02. filed on 6/7/2000. (9) U.S. patent applicatton serial no. 09/559.122, 
attomey docket no. 25791.23.02. filed on 4/26/2000. (10) PCT patent applicatton serial 
20 no. PCT/USOO/18635. attomey docket no. 25791.25.02. fited on 7/9/2000. (11) U.S. 
provisfonal patent application serial no. 60/162.671, att«»ney docket no. 25791.27, filed 
on 1 1/1/1999. (12) U.S. provistonal patent applfcation serial no. 60/154.047. attomey 
docket no. 25791.29, filed on 9/16/1999. (13) U.S. provisional patent appHcatton serial 
no. 60/159,082, attomey docket no. 25791.34, filed on 10/12/1999, (14) U.S. 
25 provistonal patent application serial no. 60/159,039, attomey docket no. 25791,36, fited 
on 10/12/1999. (15) U.S. provistonal patent application serial no. 60/159.033, attomey 
docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial 
no. 60^12.359, attomey docket no. 25791 .38. fited on 6/19/2000. (17) U.S. provistonal 
patent application serial no. 60/165,228. attomey docket no. 25791 .39. fited on 
30 1 1/12/1999. (18) U.S. provistonal patent applteation serial no. 60«21 .443. attomey 
docket no. 25791.45. fited on 7/28«000. (19) U.S. provistonal patent application serial 
no. 60«21.645, attomey docket no. 25791.46, filed on 7/28«000. (20) U.S. provisional 
patent appncation serial no. 60/233,638. attomey docket no. 25791 .47. filed on 
9/18/2000. (21) U.S. provisional patent application serial no. 60/237.334. attomey 
35 docket no. 25791 .48. fited on 10««000. (22) U.S. provisional patent application serial 
no. 60/270.007. attomey docket no. 25791.50. filed on 2/20/2001; and (23) U.S. 
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provisional patent application serial no. 60/262.434. attomsy docitet no. 25791.51. filed 
on 1/17/2001; and (24) U.S. provisional patent application serial no. 60/259,486. 

attorney docket no. 25791 .52. filed on 1/3/2001 , th© disclosures of which are 
incorporated herein by referenos. 

As illustrated In Rgs. 1 and la-Id. an apparatus 200 for radially expanding a 
tubular member may then be positioned in the new section 115ofthevtfellbore 100 
within the tubular member 1 20. The apparatus 200 includes a tubular support member 
205 defining an internal passage 205a that is coupled to an end of a tubular coupling 
210 defining an internal passage 210a. The other end of the tubular coupling 210 is 
coupled to an end of a tubular support member 215 defining an internal passage 215a 
that includes a first lug 215b. a radial passage 215c a flret flange 215d. a second 
flange 215e, a second lug 215f. and an expansion cone support body 215g. The other 
end of the tubular support member 215 is coupled to a tubular end stop 220 that 
defines a passage 220a. 

As illustrated in Figs. 1e and If. the expansion cone support body 215g 
includes a first end 215ga. a tepered hexagonal portion 215gb that includes a plurality 
of T-shaped slote 215gba provided on each of the external faceted surfaces of the 
tepered hexagonal portion, and a second end 215ga In an exemplaiy embodiment, 
the angle of attack of the tapered hexagonal portion ranges from about 35 to 50 
20 degrees for reasons to be described. 

As inustrated in Figs. 1. la-ld. 1g. 1h. and II. a plurality of expansion cone 
segments 225 are provided that include first ends 225a that include T-shaped retaining 
members 225aa and second ends 225b that include T-^haped reteining members 
225ba that mate with and are received within corresponding T^haped slots 215gba on 
the tepered hexagonal portion 215gb of the expanston cone support body 215g. first 
external surteces 225bb. second external surfeces 225bc and third external surfaces 
225bd. Thus, in an exemplary embodiment a total of sbc expanston cone segments 
225 are provided that are slidably coupled to corresponding sides of the tapered 
hexagonal portion 215gb of the expansion cone support body. 

In an exemplary embodiment, the widths of the first external surfaoss 225bb of 
the expansion cone segmente 225 Increase in the direction of the second external 
surfaces 225bc the widths of the second external surfaces are substentiaily constant, 
and the widths of the third external surfaces 225bd decrease in the direcUon of the fir^t 
ends 225a of the expansion cone segmente for reasons to be described, in an 
exemplary embodiment, the first external surfaoss 225bb of the expansion cone 
segments 225 teper upwardly In the direction of the s econd external «..rf«^. oo^ 
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the second Gxtemal suirfacos tapa* upwardly in the dinsction of llhe ihird extomal 
surfaces 225bd, and tth® third extannal surfaces 225bd taper do^jvnwardly in the 
direction of the first ends 225a of the expansion oone segments for reasons to be 
described. In an exemplary embodiment, the angle of attack of the taper of the first 
5 external surfaces 225bb of tihe expansion oone segments 225 em greater than the 
angle of attack of the taper of the second external surfeces 225lba In an exemplary 
embodiment, the first amid second external surfaces, 225bb and 225bc, of the 
expansion cone segments 225 are arcuate such that ttie expansion con® 
segments 225 are displaced In the difBCtion of the end stop 220, the first and second 

10 external surfaces of the expansion cone segments provide a substantially continuous 
outer circumferential surface for reasons to be described. 

As Illustrated in Fig. 1J, in an exemplary embodirv^nt, the external surfaces, 
225bb, 225bc, and 225bd, of the second erDds 225b of the expansion cone segments 
225 are adapted to mate with one another in order to interlock adjacent expanston 

15 cone segments. 

As illustrated in Fogs. 1, la-Id, and Hk, a split ring collar 230 that defines a 
passage 230a for receiving the tubular support member 215 is provided that indudes a 
first end that includes plurality of T-shaped slots 230b for receiving and mating with 
conresponding T-shaped retaining members 225aa of the expansion cone segnnents 

20 225 and a second end that indudes an L-shaped retaining member 230a In an 
exemplary embodiment, the split ring collar 230 is a conventional split ring collar 
commerdally available firom (Halliburton Energy Services modified in accordance with 
the teachings of the present disdosure. 

As illustrated in Figs. 1, la-Id, and Urn, a drag block assembly 235 that defines 

25 a passage 235a for receiving the tubular support member 21 5 is provided that indudes 
a first end that indudes an L-shaped slot 235b for receiving and mating with the L- 
shaped retaining member 230c of the split ring collar 230, one or more conventional 
drag btock elements 235c and a J-shaped slot 235d including a retaining slot 235da 
for receiving the second lug 21 5f of the tubular support member 215. In an exemplary 

30 embodiment, the tongKudinal axis of the J-shaped slot 235d of the drag block assembly 
235 is substantially parallel to the longitudinal axis of the tubular support member 215 
for reasons to be described. 

A first conventtonal packer cup assembly 240 that defines a passage 240a for 
receiving the tubular support member 215 indudes a first end 240b that rrates wiih the 

35 second flange 21 5e of the tubular support member, a conventional sealing cup 240c, 
and a second end 240d. A tubular spacer 245 that defines a passage 245a for 



receiving the tubular support member 2151ndudesafl«»end245btt^^ 

sea)nd end 240cofthefli^pac8cercup8»sembly240andaseoond end 245c. A 

second cwweritlonsa packer cupassembly 250^^ 

receiving the tubular support member 21 5 Includes a fbst end 250b that mates w.m the 
5 secondend245cofthe8pacer245.aconventionalseallngcup250c.andasecond 

end 250d that mates with the first flange 21 5d of the tubutef support member. 

As iUustr^Aed In Figs. 1. 1a-1d. and II. a drag block assembly 255 that defines a 
passage 255a for receiving the tubula.supportm8mbar215is provided that indudesa 

firet end that Includes seaOng members. 255b and 255c. one or more conventional drag 
10 block elements 255d. and a J^haped slot 255e including a nstaining slot 255ea for 
,eoeivlngtheflr8llug215bofthetubylarsupportmember215. In an exemplary 
embodiment, the tongltudlnal axis of the J-shaped slot 255e of the drag block assembly 
255 IS substantially parallel to the tongltudlnal axis of the tubular support member 215 

for reasons to be described. 
15 inanexemplaryembodiment.duringoperationoftheapparatus200.as 

niustrated in Figs. 1 and la-lm. the apparatus may be positioned In the wellborn 115. 
within the tubular member 120. with the first and second lugs. 215b and 215f. 
respectiveV. positioned within the retaining slots. 255ea and 235da. iBspectlvely, of the 
J-slots. 255e and 235da. respectively, of the drag btock assembly 255 and 235. 

20 respecBvely. In this manner, the drag btock assembly 235 is maintained m a 

substantially stationary posltton relative to the tubular support member 215 thereby 
preventing the expanslor. cone segments 225 from being displaced downwardly In the 
longitudinal direcOon relative to the tubular support member 21 5 towards the end stop 
220. Furthemwre. In this manner, the drag btock assembly 255 is also malntatned In a 

25 substantially stationary position reteBve to the tubular support member 21 5 thereby 
p,wentlngthedragbtockassemblyfrom8eallngofftheradlalpassago215c. Inan 

exemplary embodiment, during the placement of the apparatus 200 within the wellbore 
1 15 and the tubular member 120. the radial passage 215c pennlts fluldic materials 
outside of the tubular support member 215 to pass Into the passage 21 5a thereby 
30 minimizing overpressure conditions within the annulus outside of the tubular support 
member. 

in an exemplary embodiment, the apparatus 200 is positioned within the 
expandable tubular member 120 such that the expansion cone body 215g. the end 
stop 220. and the expansion cone segments 225 extend out of the expandable tubular 
35 member. In this manner, the expanston cone segments 225 may be driven up the 
tapered hexagonal portton 215ab of the exoanston oonaJ^od-^is-^'--'^^ 



the outside diametofs off the expansion con® segments. ysMmA impacting the 
expandable tubulair member 120. 

The tubular support member 21 5 may then be rotated relative to the drag block 
assemblies. 235 and 255, thereby displacing the lugs, 215? and 215b. with respect to 

5 the J-shaped slots. 235d and 255e, respectively. The tubular support member 215 
may then be dlsplaoed upwairdly relative to «h® drag block assemblies, 235 and 255, In 
the longitudinal direcUoni theraby displacing the drag blodt assemblies downwardly 
relative to the tubular support member. During the longitudinal upward dlsplaceiment of 
the tubular support menntber 215 relative to the drag block assemblies, 235 and 255, 

10 the drag block assembloes, 235 and 255, are maintained in a substantially stationary 
position with respect to the expandable tubular rrtember 120 by the IfricHonal forces 
exerted by the drag blocks, 235c and 255d, of the drag block assemblies on the 
expandable tubular member, and during the upward longitudinall displacement of the 
tubular support member 215 relatJve to the drag block assemblies, the lugs, 21 5f and 

IS 215b, are guided in a substantially longitudinal directton by the J-stots, 235d and 255e, 
respectively, of the drag block assemblies. 

The downward longitudinal displacement of the drag block assembly 235 
relative to the tubular support member 215 displaces the split ring collar 230 
downwanjly along with the expansion cone segments 225. As a result, the expansion 

20 cone segments 225 are driven up the Hapered hexagona! portion 215gb off the 

expansion cone support body 215g until the end faces of the expansion cone segments 
impact the stop member 220. As a result, the outside diameter of the expansion cone 
segments 225 Increases. In an exemplary embodiment, once the expansion cone 
segments 225 impad the stop member 220. the outer surfaces, 225bb and 225bc. of 

25 the expanston cone segments provide a substantially continuous outer surface in the 
circumferential direction having a diameter that is greater than the inskJe diameter of 
the expandable tubular member 1 20. The downward longitudinal displacement of the 
drag block assembly 255 relative to the tubular support member 215 seals off the radial 
passage 215c thereby preventing the pressurized fluidic mtaterial 275 from entering the 

30 annulus sunounding the tubular support member 215 through the radial passage. 

In an exemplary embodiment, as illustrated in Figs. 2 and 2a-2f, the expandable 
tubular member 120 may then be radially expanded using the apparatus 200 by 
Injecting a fluidic material 275 into the apparatus through the passages 205a. 210a, 
and 215a. The Injection of the fluidic material 275 may pressurize the interior 120a of 

35 the expandable tubular member 120. In additton. because the packer cup assemblies, 
240 and 250. seal off an annular n^ion 120aa belo w the pariter cup assemblies 
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IS 

between the e^tpandabl® tubular member 120 amS the tubular support member 215, the 
Injection of the fluldic material 275 may also pressurize the annular region. 

The continued Injection of the fluidic material 275 may then prossuriza the 
Interior 120a of the expandable tubular member 120 thereby plastically deformlns and 
radially expanding the expandable tubular member off of the expansion cone segments 
225. Because the outer surfeoss. 225bb and 225bc. of the expansion cone s^ments 
225 are tapersd. the plastic deformation and radial expansion of the expandable 
tubular member 120 proximate the expansion cone segments is facilitated. 
Furthermore, in an exemplary embodiment, the continued injection of the fluidic 
10 material 275 also pressurizes the annular region 120aa defined b&bmen the Interior 
surface of the expandable tubular member 120 and the exterior suifaos of the tubular 
support member 21 5 that Is bounded on the upper end by the packer cup assembly 
240 and on the lower end by the expansion cone segments 225. Furthermore. In an 
exemplary embodiment, the pressurization of the annular region 120aa also radially 
expands the sunounding portion of the expandable tubular member 1 20. In this 
manner, the plastic defomnatlon and radial expansion of the expandable tubular 
member 120 Is enhanced. Furthermore, during operation of the apparatus 200. the 
packer cup assemblies 240 and 250 prevent the pressurized fluidic material 275 from 
passing above and beyond the packer cup assemblies and thereby define the length of 
20 the pressurized annular region 120aa. In an exemplary embodiment, the 

pressurization of the annular regkm 120aa decreases the operating pressures required 
for plastic deformation and radial expanskm of the expandable tubular member 120 by 
as much as 50% and also reduces the angle of attack of the tapered external surfaces, 
225bb and 225bc of the expansion cone segments 225. 

The radial expansion of the expandable tubular member 120 may then continue 
until the upper end 120b of the expandable tubular member Is radially expanded and 
plastically defomied along with the overiapping portion of the welibore casing 110. 
Because the expanskm cone segments 225 may be adjustable positk>ned ftom an 
outside diameter less than the insWe diameter of the expandable tubular msmber 120 
to an outskJe diameter substantially equal to the inside diameter of the preexisting 
casing 110. the resulting welibore casing. Including the casing 110 and the radially 
expanded tubular member 120, created by the opersAton of the apparatus 200 may 
have a single substantially constant Inside diameter thereby provkling a moncHllameter 
welibore casing. 

If the expansion cone s^ments 225 become tedged within the tubular member 
120 during the radial expansion process, the tubular support mamh«r gis m«w 
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dispiaodd downwasrdly im the longitudinal direction and then rotated fBlativ® to th® drag 
block assemblies, 235 and 255, thereby positioning the lugs, 21 5b and 21 5f, v^in the 
retaining slots, 255ea and 235da, respectively, of the J*slots, 255e md 235d, 
respectively. As a result, the expansion cone segments 225 may be displaced down 
5 the tapered hexagonal portion 21 5gb of the e)tpansion com support body 21 5g and 
away from the end stop 220 thereby decreasing &he external diameter of the e)(pansion 
cone segments. In ffliis maniner, the tubular support member 205. the tubular support 
msmber 210, the tubular support memE^r 215, the end stop 220, the expansion cone 
segn^nts 225, the split ring collar 230, the drag block assembly 235, the pack cup 

10 assembly 240, the spacer 245, the packer cup assembly 250, and the drag block 
assembly 255 may then be removed from the tubular member 120. 

During the radial expansion process, the expansion cone segments 225 may be 
raised out of the expanded portion of the tubular member 1 20 by applying an upward 
axial forod to the tubular support member 215. 9n a preferred embodiment, during the 

15 radial expansion process, the expansion cone segments 225 are raised at 

approximately the same rate as the tubular member 120 is expanded In order to keep 
the tubular member stationary relative to the new wellbore section 115. In an 
altemative preferred embodiment, the expansion cone segments 225 are maintained in 
a stationary position during the radial expansion process thereby allowing the tubular 

20 member 120 to be radially expanded and plastically defommed off of the expansion 
cone segments 225 and into the new wellbore section 115 under the force of gravity 
and the operating pressure of the Interior of the tubular member 120. 

in a prefeired embodirr^t, when the upper end portion of the expandable 
tubular member 120 and the lower portion of the wellbore ^sing 1 10 that overiap with 

25 one another are plastically deformed and radially expanded by the expanston cone 
segments 225, the expansion cone segments 225 are displaced out of the wellbore 
100 by both the operating pressure within the interior of the tubular member 120 and a 
upwardly directed axial force applied to the tubular support member 205. 

In a preferred embodiment, the operating pressure and flow rate of the fluldic 

30 material 275 is controllably ramped down when the expansion cone segnnents 225 
reach the upper end portion of the expandable tubular member 120. In this nruanner, 
the sudden release of pressure caused by the complete radial expansion and plastic 
deformation of the expandable tubular member 120 off of the expansion cone 
segments 225 can be minimized. In a prefenred embodiment the operating pressure is 

35 reduced in a substantially linear fashion from 1 00% to about 1 0% during the end of the 



extrusion prooess beginning when ihe axpanslon cone segments 225 are wHhin about 
5 fiset (1 ,524 m) firom completion of the estmsion process. 

Altematlvely, or In combination, the wall thickness of the upper end portion of 
the expandable tubular member 120 is tapansd in order to gradually reduce the 
required operating pressure fw plastically defomiing and radially expanding the upper 
end portion of the tubular member. In this manner, shock loading off the apparatus is at 
least reduced. 

Alternatively, or in combination, a shock absorber is provided In the tubular 
support member 205 in order to absoit the shock caused by the sudden release of 
pressure. The shock absorber may comprise, for example, any conventional 
commercially available shock absorber, bumper sub. or Jars adapted for use in wellbore 
operations. 

Alternatively, or in combination, an expansion cone catching structure Is 
piovWed In the upper end portion of the expandable tubular member 120 in order to 
catch or at least decelerate the expansion cone segments 225. 

Alternatively, or in combination, during the radial expansion process, an upward 
axial force is applied to the tubular support member 215 suffident to plastically deform 
and radially expand the tubular member 1 20 off of the external surfaces. 225bb and 
225bc. of the e)^nsk)n cone segments 225. 

Altematlvely, or in comblnatton. in order to facilitate the pressurization of the 
Interior 120a of the expandable tubular member by the injection of the fiuldic materials 
275, the region vwthin the wellbore section 115 below the apparatus 200 may be 
fluWIdy sealed off in a convention manner using, for example, a packer. 

Once the radial expansion proosss Is completed, the tubular support member 
205. the tubular support member 210. the tubular support member 215. the end stop 
220. the expansion cone segments 225. the split ring collar 230. the drag biod« 
assembly 235. the pad( cup assembly 240, the spacer 245. the packer cup assembly 
250. and the drag btock assembly 255 are removed from the wellbore 100. 

In an alternative embodiment, as Illustrated In Figs. 2h and 21. the J-slots. 235d 
and 255e, Indude one or more Intermediate retaining sk>ts. 235db and 255eb. 
respectively, that pennit the relative tongitudinal displacement of the tubular support 
member 215 relative to the drag blodc assemblies. 235 and 255. to be set at one or 
more intemiediate stop posltfons. In this manner, the expansion segments 225 may be 
posittoned at one or more Intemnedlate poslttons on the tapered hexagonal portion 
215gb of the expanston cone support body 215g thereby permltiing the external 
diameter of the expansion cone segments 225 to be adiusted to ona or mo»> 
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intermediate sizes. In this manner, the radisil expansion and plastSc defomoation of the 
expandabSe tubular member 120 be pmvided in difFerent operation stages, each having 
a different expansion diameter. Furtharmom, if the expansion rone s^mentts 225 
become lodged \sM\\n the expandable tubular member 120, then the positbn of the 
5 e;Q)ansion com segments may be adjusted to pro^de a smaller outside diameter and 
the radial expansion process may be continued by injecting the fluidic material 275 
and/or applying an upward axial force to the tubular support member 215. 

Referring to Figs. 3 and 3a"3j, an alternative em^iment of an apparatus 300 
forfomiing a weilbore casing In a subterranean fomnation will now be described. The 

10 apparatus 300 indudes a tubuiar support member 305 defining an internal passage 
305a that Is coupled to an end of a tubular coupling 310 defining an internal passage 
310a. The other end of the tubular coupling 310 is coupled to an end of a tubular 
support member 315 defining an intemal passage 315a that includes a first flange 315b 
having oppositely tapered end-walls, 315ba and 315bb, a second flange 315c, a radial 

1 5 passage 31 5d, a third flange 31 5e, a fourth fiange 31 5f, a fifth flange 31 5g having 
oppositely tapered end-wails, 315ga and 315gb, a fifth fiange 31 5h, and an expansion 
cone support body 31 5i. The other end of the tubular support member 315 is coupled 
to a tubular end stop 320 that defines a passage 320a. 

As illustrated in Figs. 3d and 3e, the expansion cone support body 31 5i includes 

20 a first end 315ia, a tapered hexagonal portion 31 Sib that includes a plurality of 

shaped slots 315iba provided on each of the extemal faceted surfaces of the tapered 
hexagonal portion, and a second end 31 Sic. in an exemplary embodiment, the angle of 
attach of the tapered hexagonal portion 31 Sib ranges from about 35 to 50 degrees for 
reasons to be described. 

25 As illustrated in Figs. 3, 3a^c, and 3f-3h, a plurality of expansion cone 

segments 325 are provided that include first ends 32Sa that include T-shaped retaining 
members 325aa and second ends 325b that Include T-shaped retaining members 
325ba that mate with and are received within corresponding T-shaped slots 315iba on 
the tapered hexagonal portion 31 Sib of the expansion cone support body 31 51, fiirst 

30 external surfaces 325bb. second extemal surfaces 325bc, and third extemal surfaces 
325bd. Thus, In an exemplary embodiment, a total of six expansion oone segments 
325 are provided that ana slidably coupled to oomesporKling sides of the tapered 
hexagonal portion 31 Sib of the expansion cone support body 3151. 

In an exemplary embodiment, the widths of the first external surfaces 32Sbb of 

35 the expansion cone segments 325 increase in the direction of the second external 
sur^ces 325bc, the widths of the second extemal su rfaces are substanBaillv constant 
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and the widths of the third external surfaces 325bd dect^Base In the direction of the first 
ends 325a of the expansion cone segments for reasons to b® descrtosd. On an 
exemplary embodiment, the first external surfaces 325bb of the exparwion cone 
segments 325 taper upwardly In the direction of the second external surfaces 325bc 
the second extemal surfiaoes taper upwardly In the direction of the thlrti external 
surfaces 325bd. and the third extemal surfaces 325bd taper downwardly In the 
direction of the first ends 325a of the expansion con® segments for reasons to b® 
described. In an exemplary embodiment, the angle of attack of the taper of the first 
exlenrial surfaces 325bb of the expansion cone segments 325 ar® greater than the 
angle of attack of the taper of the second extemal surfeoss 32Sbc In an exemplary 
embodiment, the first and second extemal surfaoss, 325bb and 325bc, of the 
expansion cone segments 325 are arcuate such that when the expansion cone 
segments 325 are displaced In the direction of the end stop 320, the first and second 
external surfaces of the expansion cone segments provide a substantially continuous 
15 outer circumferential surface for reasons to bo described. 

As Illustrated In Fig. 31, In an exemplary embodiment, the extemal surfaces, 
325bb. 325bc and 325bd, of the second ends 325b of the expansion cone s^ments 
325 are adapted to mate with one another In order to Interlock adjacent expansion 
cone segments. 

A split ring collar 330 that defines a passage 330a for receiving the tubular 
support member 315 is provMed that includes a first end that includes plurality of T- 
shaped stots 330b for receiving and mating with conesponding T^haped retaining 
members 325aa of the expanston cone segments 325 and a second end that includes 
an L-shaped retaining member 330c. In an exemplary embodiment, th® split ring collar 
330 is a conventional split ring collar commerdaliy available ftom Halliburton Energy 
Sendees modified In accordance with the teachings of th® present disclosure. 

A collet assembly 335 Is provided that includes a support ring 335a that defines 
a passage 335aa for receiving the tubular support member 31 5 and Is coupled to an 
end of a resilient collet 335b having upper and k>wer sets of oppositely tapered 
shoulders. 335ba and 335bb. and, 335bc and 335bd. respectively, that Is poslttoned 
proximate the fourth flange 315g of the tubular support member 315. The other end of 
the odlet 335b is coupled to an end of a tubular sleeve 335c that defines a passage 
335ca. The other end of the tubular sleeve 335c is coupled to an end of a pin 335d. 
The other end of the pin 335d is coupled to a ring 335© that defines a passage 33Sea 
for receiving the fifth flange 315h of the tubular support member 315. An end of a 
tubular coupling sleeve 335f that defines a passage 3 35fa for reoeivina the t»h.itar 
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support member 315 is received within the opening 335(3 of the tubular sleeve 335c 
that includes a recess 335fb for reiving the fifth flange 31 5h of the tubular support 
member 315 and the ring 335e, and a radisil passage 3351fc for receiving the pin 335d. 
Another end of the tubular coupling sleeve 335f indudes a passage 335fd for (receiving 
5 the tubular support member 315 and a slot 335fe for ineceiving the L»shaped retaining 
member 330c of the split ring collar 330, A ring 335g that defines a passage 335ga for 
receiving the tubular support member 315, a spring 335h, and a ring 33Si that defines a 
passage 335ia for receiving the tubular support member 315 are also received wMn 
the recess 335fb. The ring 335g is positioned proidmate one end of the recess 335fb, 
10 the ring 3351 is positioned prodmate the fifth flange 315h of the tubular suppoirt 
member 315 within the other end of the recess, and the spring 335h is positioned 
between the rings. 

A first conventional packer cup assembly 340 that defines a passage 340a for 
receiving the tubular support member 315 includes a first end 340b that mates with the 

15 fourth flange 31 5f of the tubular support member, a conventional sealing cup 340c and 
a second end 340d. A tubular spacer 345 that defines a passage 345a for receiving 
the tubular support member 315 includes a first end 345b that mates with the second 
end 340d of the first packer cup assembly 340 and a second end 345c. A second 
conventional packer cup assembly 350 that defines a passage 350a for receiving the 

20 tubular support member 315 includes a first end 350b that mates with the second end 
345c of the spacer 345, a conventional sealing cup 350c and a second end 350d that 
mates with the third flange 31 5e of the tubular support member. 

A collet assembly 355 is provided that includes a support ring 355a that defines a 
passage 355aa for receiving the tubular support member 315 and is coupled to an end 

25 of a resilient collet 355b having upper and tower sets of oppositely tapered shouklers. 
355ba and 355bb, and. 355bc and 355bd, respectively, that is positioned proximate the 
first flange 315b of the tubular support member 315. The other end of the collet 355b 
is coupled to an end of a tubular sleeve 355c that defines a passage 355ca. The other 
end of the tubular sleeve 355c Is coupled to an end of a pin 355d. The other end of the 

30 pin 355d is coupled to a ring 355e that defines a passage 355ea for receiving the 
second flange 315c of the tubular support member 315. An end of a tubular sleeve 
355f that defines a passage 355fa for receiving the tubular support member 315 is 
received within the opening 355ca of the tubular sleeve 355c that includes a recess 
355fb for receiving the second flange 315c of the tubular support member 315 and the 

35 ring 355e. and a radial passage 355fc for receiving the pin 355d. Another end of the 
tubular sleeve 355f Includes a passage 355fd for receiving the tubular support member 



315. a reosss 355fB iior reeeMng an and of the tubular sleeve 35Sc and sealing 
members 355fF. A riing 35^ that defines a passage 355ga for reosMng the tubular 
support member 315 and a spring 355h are also received within the reosss 355fb. An 
end of the rir^ 35^ is positioned proximate the second flange 315c of the tubular 
5 support member 31 5 vvithin an end of the recess 355fb and the other end of She ring is 
poslBonad an end of the spring 355h. The other end of the spring 355h is positioned 
proKimata the other ertd of the recess 3S5fb. 

In an eKemplary embodiment, during operation of the apparatus 300. as 
illustrated In Figs. 3 and 3a-3j. the apparatus may be Initially positioned In the wellbore 
10 100. wHhln the casing 110, wMh the coHet assembli^ 335 and 355 positioned in a 
neutral position in which the radial passage 31 5d of the tubular support member 31 5 is 
not covered by the tubular sleeve 355f and the expansion cone segments 325 are not 
driven up the tapered hexagonal portion 315ib of the expansion cone support body 
3151 of the tubular support member 315 into contact with the stop member 320. In this 
15 manner, fluidic materials within the interior 315a of the tubular support member 31 5 
may pass through the radial passage 315d into the annulus between the apparatus 300 
and the casing 110 thereby preventing over prsssurization of the annulus. 
Furthermore, in this manner, the outside diameter of the expansion cone segments 325 
is less than or equal to the outside diameter of the stop member 320 thereby pennitting 
20 the apparatus 300 to be displaced within the casing 110. 

As fliustrated In Figs. 4. and 4a^. the apparatus 300 may then be positioned 
in the tubular member 120. During the insertion of the apparatus into the tubular 
member 1 20. the upper end 1 20b of the tubular member may impact the tapered 
shoulders, 335bb and 355bb. of the collets. 335b and 355b. respectively, thereby 
25 driving the collets backward until the tapered shoukJere. 335bd and 355bd, of the 

collets are poslttoned proximate the tapered shoulders, 315ga and 315ba. respectively, 
of the tubular support member. As a result, the support rings. 335a and 355a. the 
coltets. 335b and 355b. the tubular sleeves. 335c and 355c the pins. 335d and 355d, 
the rings. 335e and 355e. and the rings. 33^ and 355g. of the collet assemblies. 335 
and 355. respectively, are driven backward, compressing the springs. 335h and 355h. 
thereby applying axial biasing fbross to the tubular ooupHng sleeve 336f and the tubular 
sleeve 355f . respectively. In this manner, an axial biasing force is applied to the split 
ring collar 330 and the expansion cone segments 325 that prevents the expanskwi 
cone segments from being driven up the tapered hexagonal portion 315ib of the 
expansion cone support body 3151 of the tubular support member 315 into contact with 
the Stop member 320. Thus, the outside diameter of the expanston cone segments 
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325 is maintained in 3\ position that is toss than the inside diafirtater of the tubular 
member 120 thereby pemnittirtg tihe apparatus 300 to be displaced within the tubular 
member. Furthennore« in this manner, an a)dal biasing foroa is allied <to th® tubular 
sleeve 355f Shelby preventing the tubular sleeve from covering the radial passage 
5 315d in the tubular support member 315. Thus, fluidic materials \A/ithin the interior 3i5a 
of the tubular support member 315 may pass through the radial passage 31 5d onto the 
annulus between the apparatus 300 and the tubular member 120 thereby preventing 
over pnessurisation of the annulus. 

The apparatus 300 nriay then be at least partially positioned in the open hole 

10 section 1 1Sa of the wellbona section 115, beyond the lower end 120c of the tubular 
member 120. In an exemplary embodiment, that portion of the apparatus 300 that 
. includes the stop member 320. the expansion cone segments 325, the split ring collar 
330, the collet assembly 335, the packer cup assembly 340, the spacer 345, the packer 
cup assembly 350, and the collet assembly 355 is then positioned in the open hole 

15 sectton 1 15a of the wellbore section 115, beyond the lamr end 120 of the tubular 
member for reasons to be described. Because the collets, 335b and 355b, are 
resilient, once the apparatus 300 has been positioned In the open hole sectton 1 15a of 
the wellbore sectton 115, beyond the tower end 120c of the tubular member 120, the 
tapered shoulders, 335ba and 35Sba, of the coliets may spring outwardly in the radial 

20 direction. 

The apparatus 300 may then be repositioned at least partially back within the 
tubular rriember 120. During the re-insertton of the apparatus into the tubular member 
120, the tower end 120c of the tubular member may impact the tapered shoulders, 
335ba and 355ba, of the coliets, 335b and 355b, respectively, thereby driving the 

25 coliets foHA/ard until the tapered shoulders, 335bc and 355bc. of the collets are 
positioned proximate the tapered shoulders, 315gb and 315bb, respecQvely, of the 
tubular support member 315. As a result, the support rings, 335a and 355a, the 
collets, 335b and 355b, the tubular sleeves, 335c and 355c, the pins, 335d and 355d, 
the rings, 335e and 355e, the tubular coupling sleeve 335f, the tubidar sleeve 355f, the 

30 rings, 335g and 355g, and the ring 335i of the collet assemblies. 335 and 355, 
respectively, are driven fonn/ard, theretsy compressing the springs, 335h and 355h, 
thereby sealing off the radial passage 31 Sd and driving the expansion cone segments 
325 up the tapered hexagonal portion 31 Sib of the expanston cone support body 3151 
of the tubular support rramber 315 into contact vvith the stop member 320. 

35 As a result, the outside diameter of the expansion oone segments 325 is now 

greater than the inside diameter of expandable tubular member 120 thereby permitting 



the apparatus 300 to b® used to radially expand and plastlrally deform the tubular 
member, and ffluldic materials within the Interior 31Ssi the tubular support member 
31 5 may no longer pass through the radial passage 315d Into Sh® annulus between the 
apparatus 300 and the tubular member thereby pemrtittlng the interior of the apparatus 
5 to be pressurized. 

The apparatus 300 may then be operated to radially expand and plastirailly 
defomi the tubular member 120 by applying an upwawS axial foros to the tubular 
support member 315 and/or by injecting a pressurized fluidic material Into the tubular 
support member. 

10 In particular, as illustrated In Figs. 5 and 5a^. the expandable tubular member 

120 may then be radially expanded using the apparatus 300 by Injecting a fluidic 
material 275 into the apparatus through the passages 305a. 310a. 31Sa, and 320a. 
The Injectibn of the fluidic material 275 may pressurize the Interior 120a of the 
expandable tubular member 120. in addition, berause the packer cup assemblies. 340 
15 and 350. seal off an annular region 120aa below the packer cup assemblies between 
the expandable tubular member 120 and the tubular support member 315. the injection 
of the fluidic material 275 may also pressurize the annular region. 

The continued injection of the fluidic material 275 may then pressurize the 
Interior 120a of the expandable tubular member 120 thereby plastlrally deforming and 
radially expanding the expandable tubular member off of the expansion cone segments 
325. Because the outer surfaces. 325bb and 325bc. of the expansion con® segments 
325 are tapered, the plastic defomiation and radial expansion of the expandable 
tubular member 120 proximate the expansion cone s^ments is facilitated. 
Furthennore. in an exemplary embodiment, the continued inJecUon of the fluidic 
material 275 also pressurizes the annular region 120aa defined between the Interior 
surface of the expandable tubular member 120 and the exterior surface of the tubular 
support member 315 that is bounded on the upper end by the packer cup assembly 
340 and on the lower end by the expansion cone segments 325. Furthermore, in an 
exemplary embodiment, the prsssurization of the annular region 120aa also radially 
expands at least a portion of the sumiunding portion of the expandable tubular member 
120. In this manner, the plastic defomiation and radial expansion of the expandable 
tubular member 120 Is enhanced. Furthermore, during operation of the apparatus 300. 
the packer cup assemblies 340 and 350 prevent the pressurized fluidic material 275 
from passing above and beyond the packer cup assemblies and thereby deflne the 
length of the pressurized annular regton 120aa. In an exemplary embodiment, the 
pressurization of the annular region 120aa decreases thaQn«ra«n«^c 
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for plastic deformsition and radial e}:pansion of the expandable tubular membsr 120 by 
as much as 50% and ateo miuoos the ar^le of atSadk of the tapared e^ctemal syirfaoos, 
325bb and 325bc, of the expansion cone segments 325. 

The radial expansion of the expandable tubular member 120 may Shen continue 
5 until the upper end 120b of the exipandable tubular member Is radially expanded and 
plastirally defomned along m\S\ the overlapping portion of ttie wellbore (^Ing 1 10. 
Because the expansion cone segments 325 ntay be adjustable positioned from an 
outside diameter less than the inside diameter of the expandable tubular menr^r 120 
to an outside diameter substantially equal to the inside diameter of the preexisting 
10 rasing 110, the resulting wellbore rasing, including the rasing 110 and the radially 
expanded tubular member 120, created by the operation of the apparatus 300 may 
have a single substantially constant inside diameter thereby providing a mono-diameter 
wellbore rasing. 

During the radiaB expansion prooass, the expansion cone segments 325 may be 

15 raised out of the expanded portion of the tubular member 1 20 by applying an upward 
axial force to the tubular support rmmber 315. In a preferred embodiment, during the 
radial expansion process, the expansion cone segments 325 are raised at 
approximately the same rate as the tubular member 120 is expanded in order to keep 
the tubular member stationary relative to the new wellbore secSon 115. 

20 In a preferred embodiment, when the upper end portion of the expandable 

tubular member 120 and the lower portion of the wellbore rasing 110 that overlap with 
one another are plastirally defomned and radially expanded by the expansion cone 
segments 325, the ex^nsion oone segments are displaced out of the wellbcm 100 by 
both the operating pressure within the Interior of the tubular member 120 and a 

25 upwardly directed axial force applied to the tubular support member 305. 

In a preferred embodiment, the operating pressure and flow rate of the fluldic 
material 275 Is oontrollably ramped down when the expansion cone segments 325 
reach the upper end portion of the expandable tubular member 1 20. In this manner, 
the sudden release of pressure raused by the complete radial expansion and plastic 

30 deformation of the expandable tubular member 1 20 off of the expansion cone 

segments 325 can be minimized. In a preferred embodiment, the operating pressure is 
reduced in a substantially linear fashion fiiom 100% to about 10% during the end of the 
extrusbn process beginning when the expansion oone s^ments 325 are within about 
5 feet (1 .524 m) from completion of the extnjsion process. 

35 Altemativaly, or In combination, the wall ttiickness of the upper end portion of 
the expandable tubular number 120 Is tapered in or der lo gradually redura the 



required operating pressure tor plastirally deforniJng and radially expanding the upper 
end portion of the tubular ommber. In this manner, shock loading of the apparatus is at 
least reduosd. 

Alternatively, or In combination, a shod; absorber is provided ir^ the tubular 
5 support member 305 in order to absorb the shock raused by the sudden reJease of 
pressure. Th® shock absorber may comprise, for example, any conventional 
commercially available shock absorber, bumper sub, or jars adapted for use in vvellbore 
operations. 

Alternatively, or In oombinatton. an ejtpanslon oone ratchirtg structure is 
10 provided in the upper end portion of the expandable tubular member 120 In order to 
catch or at least decelerate the expansion cone segments 325. 

Alternatively, or In combination, during the radial expansion process, an upward 
axial force is applied to the tubular support member 315 sufficient to plastically deform 
and radially expand the tubular member 120 off of the external surfaces. 225bb and 
15 225bc. of the expansion oone segments 325. 

Alternatively, or In combination. In orter to facilitate the prassurization of the 
interior 120a of the expandable tubular member by the injection of the fluldic materials 
275, the region within the wellbore section 1 1 5 below the apparatus 300 may be 
fluidlcly sealed off in a convention manner using, for example, a packer. 
20 Once the radial expanskm process is completed, the tubular support member 

305, the tubular support member 310, the tubular support member 315, the end stop 
320, the expansion cone segments 325, the spilt ring collar 330. the collet assembly 
335. the packer cup assembly 340, the spacer 345, the packer cup assembly 350. and 
the collet assembly 355 are removed from the wellbores 100 and 1 15. 

Refening to Figs. 6 and 6a^k. an alternative embodiment of an apparatus 400 
for forming a wellbore casing in a subtenanean formation will now be described. The 
apparatus 400 includes a tubular support member 405 defining an internal passage 
405a that is coupled to an end of a tubular coupling 410 defining an internal passage 
410a. The other end of the tubular coupling 410 is coupled to an end of a tubular 
support member 415 defining an mtemal passage 415a that includes a first flange 
415b, a first rsNfiai passage 415c. a second radial passage 415d. a second flange 
415e. a stepped flange 415f. a third flange 415g, a fourth flange 415h. a fifth flange 
4151. and an expansion cone body 4iq. The other end of the tubular support member 
415 Is coupled to a tubular end stop 420 that deflnes a passage 420a. 

As illustrated in Figs. 6e and Sf. the expanskm oone support body 415j includes 
a firet end 415ia, a tapered hexagonal portton 415Sb t hatindudasapinnaiWu^T- 
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shaped slots 415jba provided on each of the external faceted surfoces of the tapered 
hexagonal portion, and a second end 415jc. In an exemplary embodiment, the angle of 
attack of the tapered hexagonal portion 415jb ranges from about 35 to 50 degrees for 
reasons to be described. 

5 As Illustrated in Figs. 6, 6a^d, and 6g-6i. a plurality of expansion cone 

segments 425 are provided that include first ends 425a that include T-shaped retaining 
memb^ 425aa and second ends 425b that Include T-shaped retaining members 
425ba that mate with and are received within cooesponding T-shaped slots 415jba on 
the taper^ hexagonal portion 415Jb of the expansion cone support body 41 5j, first 

10 external surfaces 425bb, second external surfaces 425bc, and ttiird external surfaces 
425bd. Thus, in an exemplary embodiment a total of six expansion cone segments 
425 are provided that are slidably coupled to corresponding sides of the tapered 
hexagonal portion 415Jb of the expansion cone support body 415j. 

In an exemplary embodiment, the widths of the first external surfaces 425bb of 

15 the expansion cone segments 425 Increase in the direction of the second extemal 
surfaces 425bc the widths of the second extemal surfaces are substantially constant, 
and the widths of the third external surfaces 425bd decrease in the direction of the first 
ends 425a of the expansion cone segments for reasons to be descril>ed. In an 
exemplary embodiment, the first extemal surfaces 425bb of the expansion cone 

20 segments 425 taper upwardly in the direction of the second extemal surfaces 425"^ 
the second extemal surfaces taper upwardly in the direction of the third externa! 
surfaces 425bd, and the third extemal surfaces 425bd taper downwardly in the 
direction of the first ends 425a of the expansion cone segments for reasons to 
described. In an exemplary embodiment, the angle of attack of the taper of th© 

25 extemal surfaces 425bb of the expansion cone segments 425 are greater than ti'.c: 
angle of attadc of the taper of the second extemal surfeces 425bc. In an exempl^ri' 
embodiment, the first and second extemal surfaces. 425bb and 425bc of the 
expansion cone segments 425 are arcuate such that when the expansion cone 
segments 425 are displaced in the direction of the end stop 420. the first and >^ 

30 external surfeces of the expansion cone segments provide a substantlaily contiru m^c 
outer circumferential surface for reasons to be described. 

As Illustrated in Fig. 6j. In an exemplary embodiment, the extemal surfso. 
425bb, 425bc, and 425bd. of the second ends 425b of the e)^nsion cone segTr : ^ 
425 are adapted to mate with one another in order to Interiodc adjacent expansii . . 

35 cone segments. 
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A spfit sing collar 430 that defines a passage 430a for receiving the tubular 
support member 415 Is provided that includes a first end that includes plurality of T- 
shaped stots 430b for receiving and mating with corresponding T-shaped retaining 
members 425aa of the ejqsansion cone segments 425 and a second end that indudes 
an L-shaped retaining member 430a in an esempiary embodiment, the split ring collar 
430 Is a conventional split ring collar commercially available from Halliburton Energy 
Sendees modified in accordance with the teachings of the present disclosure. 

A doQ assembly 435 is pro^rfded that Includes a tubular sleeve 435a that defines 
a passage 435aa for receiving the tubular support member 41 S that includes a first end 
that includes a slot 435ab for receiving and mating with the L°shaped retaining member 
430c of the split ring collar 430, a radial passage 435ac, and a recess 435ad for 
receiving the fifth flange 415a of the tubular support member 415. A second end of the 
tubular sleeve 435a includes a flange 435ae that mates virfth the fourth flange 41 5h of 
the tubular support member 415. A retaining ring 43§b that defines a passage 435ba 
for reoaiving the fifth flange 4151 Is received within the reosss 435ad of the tubular 
sleeve 435a and is coupled to an end of a load transfer pin 435c The opposite end of 
the load transfer pin 435c Is received within the radial passage 435ac of the tubular 
sleeve 435a and is coupled to an end of a tubular sleeve 435d that includes a recess 
436da at a first end for receiving the tubular sleeve 435a. and a radial opening 435dc 
for receiving a conventional resilient dog 435e. A spring 435f and a ring 435g that 
defines a passage 435ga for receiving the tubular support member 415 are received 
within the recess 435ad of the tubular sleeve 435a between a first end of the recess 
and the fiflh flange 4151 of the tubular support member. 

A first conventional packer cup assembly 440 that defines a passage 440a for 
receiving the tubular support member 41 5 includes a first end 440b that mates with the 
fourth flange 415g of the tubular support member, a conventional sealing cup 440c. 
and a second end 440d. A tubular spacer 445 that defines a passage 445a for 
receiving the tubular support member 415 Includes a first end 445b that mates with the 
second end 440d of the first packer cup assembly 440 and a second end 445c. A 
second convantional packer cup assembly 450 that defines a passage 450a for 
receiving the tubular support member 415 Includes a first end 450b that mates with the 
second end 445c of the spacer 445, a conventional sealing cup 450c and a second 
end 450d that mates with the stepped flange 415f of the tubular support member. 

A dog assembly 455 Is provided that includes a tubular sleeve 455a that defines 
a passage 455aa for receiving the tubular support member 415. A first end of the 
tubular sleeve 455a Includes a radial ooenlna 4S5ab fforrav«iMn« 



resilient dog 455b. A second end of the tubular sleeve 455e includes s) nscess 455ac 
and Is coupled to an end of a load transfer pin 455a The opposite end of the load 
transfer pin 455c is coupled to a retaining ring 455d that defines a passage 455da foir 
receiving the tubular support member 41 5. A tubular sleeve 455e is sisceived within the 

5 recess 455ac of the tut>ylar sleeve 455a that defines a passage 455ea for receiving the 
tubular support member 415 and indudes a first end ti^ includes a radial passage 
455eb for receiving the Eoad transfer pin 455c and a recess 4553C for receiving a spring 
455f. A ring 455g that defines a passage 455ga for reoeiving the tubular support 
member 415 is further received mMx\ the recess 455ec of the tubular sleeve 455e 

10 between the spring 455f and the second flange 41 5e of the tubular support member 
415. A second end of the tubular sleeve 455e Indudes a radial passage 455edp 
sealing members, 455ef and 455eg, amd a recess 455eh that mates with the first flange 
415b of the tubular support member 41 5. 

In an exemplary embodiment, during operation of the apparatus 400, as 

15 illustrated in Figs. 6 and 6a-6k, the apparatus may be initially positioned in the wellbore 
100, within the (»sing 1 10, with the dog assemblies 435 and 455 positioned in a 
neutral position In which the radial passage 41 5d of the tubular support member 415 is 
fluididy coupled to the radial passage 455ed of the dog assembly 455 and the 
expansion cone segments 425 are not driven up the tapered hexagonal portion 415jb 

20 of the expansion cone support body 41 5J of the tubular support member 41 5 Into 
contact with the stop member 320. Iln this manner, fluldic materials within the interior 
415a of the tubular support member 415 may pass through the radial passages, 41 5d 
and 455ed. into the annulus between the apparatus 400 and the casing 110 thereby 
preventing over pressurizatlon of the annulus. Furthermore, in this manner, the outside 

25 diameter of the expansion cone segments 425 is less than or equal to the outside 

diameter of the stop member 420 thereby pemiitting the apparatus 400 to be displaced 
within the casing 110. 

As illustrated in Figs. 7, and 7a-7c, the apparatus 400 may then be positioned in 
the tubular member 120. During the insertion of the apparatus into the tubular imember 

30 1 20, the upper end 120b of the tubular member may impact the ends of the resilient 
dogs, 435e and 455b. of the dog assemblies, 435 and 455, respectively, thereby 
driving the resilient dogs, 435e and 455b, backwards off of and adjacent to one side of 
the flanges. 415h and 41 5f, respectively. As a result of the backward axial 
displacement of the resilient dog 435e, the tubular sleeve 435d, the pin 435c, the 

35 retaining ring 435b, and the ring 435g of the dog assembly 435 are driven badcward 
therebv oomoressino the sorino 435f and aK>plying a n axial biasing force to the tubular 



in 

stddva 435a that prevents the e^cpansion cone segments 425 from being displaced 
toward the end stop 420. As a result of the ba^twamd aiidal displacement of the resilient 
dog 455b, the tubular sleeve 455a, the pin 455c» the retaining ring 455d, and the ring 
455g of the dog assembly 455 am driven badaftfard thereby oompressiir^ the spring 
5 455f and applying an aidal biasing force to the tubular sleeve 455e that prevents the 
radial passages, 41 5d and 455®d ftom being fluididy decoupled. 

The apparatus 400 may then be at least partially positioned in the open hole 
section 1 15a of the weilbore section 1 1S, beyond the Bower end 120c of the tubular 
member 120. In an exemplaiy embodiment, that portion of the apparatus 400 that 
10 Indudes the stop member 420, the eitpansion cone segments 425, the split ring collar 
430, the dog assembly 435, the packer cup assembly 440, the spacer 445, the padter 
cup assembly 450, and the dog assembly 455 is then poslttoned in the open hole 
section 1 15a of the wellborte section 1 15, beyond the tower end 1120 of the tubular 
member for reasons to be described. Berause the dogs, 435e and 455b, of the dog 
15 assemblies, 435 and 455, respectively, are resilient, once the apparatus 400 has been 
positioned in the open hole section 1 15a of the wellbore section 115, beyond the lower 
end 120c of the tubular member 120, the resilient dogs, 435e and 455b, of the dog 
assemblies may spring outwyardly In the radial direction. 

The apparatus 400 may then be repositioned at least partially back within the 
20 tubular member 120. During the re-insertion of the apparatus into the tubular member 
120, the tower end 120c of the tubular member may Impact the ends of the resilient 
dogs, 435e and 455b, of tti© dog assemblies, 435 and 455. f^spectively, thereby 
driving the resilient dogs lormrti until the resilient dogs are positioned beyond and 
adjacent to the other side of the flanges, 41 5h and 41 5f , of the tubular support member 
415. 

As a result, of the fbirward a>dal displacement of the resilient dog 435e, the 
tubular sleeve 435a, the retaining ring 435b, the pin 435c the tubular sleeve 435d, the 
spring 435f, and the ring 435g of the dog assembly 435 are displaoad in the fonft/ard 
axial direction thereby also displadng the split ring collar 430 and the expansion cone 
segments 425 in the fonrard axial direction. As a result, the expansion cone segments 
425 are driven up the tapered hexagonal portion 415jb of the expansion cone support 
body 415j of the tubular support member 415 into contact with the stop member 320. 

As a result of the forward axial displacement of the resilient dog 455b, the 
tubular sleeve 455a, the pin 455c. the retaining ring 45Sd, the tubular sleeve 455e, the 
spring 455f. and the ring 455g of the dog assembly 455 are driven fonivard In the axial 
direction thereby fluididy decoupling the radial o^^nio^ M^m^ ARs^ ^^ ^..iMt^.. 



coupiing the radial passages 41 5c and 41 5d. As a result fluldic materials within the 
tubular support membeir 415 may not pass into the annulus betvveen the tubular 
support member and the tubular member 120. 

As a result of the forward axial dlsplacen^nt of the resilient dog 435e, the 
5 outside diameter of the expansion cone segments 425 is nmf greateir than the inside 
diameter cS expandable tubular rr^mber 120 thereby penmStting the apparatus 400 to 
be used to radially expand and plastically deform the ^buteir member, and fluidic 
materials within the interior 415a of the tubular suppost member 415 may no longer 
pass through the radial passages, 41 5d and 4SSed, into the annulus between the 
1 0 apparatus 400 and the tubular member thereby permitSng ihe interior of the apparatus 
to be pressurized. 

The apparatus 400 may then be operated to radially expand and piastirally 
deform the tubular member 120 by applying an upward axia! force to the tubular 
support member 415 and/or by injecting a pressurized fluidlic material into the tubular 

15 support member. 

In particular, as Illustrated in Figs. 8 and 8a-8dp the expandable tubular member 
120 may then be radially expanded using the apparatus 400 by injecting a fluldic 
material 275 into the apparatus through the passages 405a, 310a, 415a, and 420a. 
The injection of the fluidic material 275 may pressurize the interior 120a of the 

20 expandable tubular member 120. In addition, be<^use the packer cup assemblies, 440 
and 450, seal off an annular region 120aa below the packer cup assemblies between 
the expandable tubular member 120 and the tubular support member 41 5, the injection 
of the fluidic material 275 may also pressurize the annular (n^ion. 

The continued injection of the fluidic material 275 may then piressurize the 

25 interior 1 20a of the expandable tubular member 1 20 thereby plastiraliy defonnning and 
radially expanding the expandable tubular member off of the expansion cone segments 
425. Because the outer surfaces, 425bb and 425bc of the expansion cone segments 
425 are tapered, the plastic defomiatlon and radial expansion of the expandable 
tubular member 120 proximate the expansion cone segnrtents is facilitated. 

30 Furthermore, in an e^^mplary embodiment the continued injection of the fluldic 
material 275 also pressurizes the annular region 120aa defined between the interior 
surface of the expandable tubular member 120 and the exterior surface of the tubular 
support member 415 that is bounded on the upper end by the packer cup assembly 
440 and on the lower eind by the expansion cone segments 425. Furthermore, in an 

35 exemplary embodiment, the pressurization of the annular region 120aa also radially 
expands at least a portion of the surrounding portio n of the expandable tubular member 



120. In this mannsr. the plastic defbmiatlon and radial expansion of the expandabls 
tubular member 120 enhanced. Furthermore, during operation of the apparatus 300, 
the packer cup assemblies 440 and 450 prevent the pressurized fluidic material 275 
from passing above and beyond the packer cup assemblies and thereby define th® 
5 length of the pressurized annular region 120aa. In an exemplary embodiment, th© 
pressurizatton of the annular region 120aa decreases the operating pressures required 
for plastic defomiatton and radial expanston of the expandable tubular member 120 by 
as much as 50% and also reduoss the angle of attad!t of the tapered external surfaoas. 
425bb and 425bc of the expansion cone segments 425. 
10 The radial expansion of the expandable tubular member 120 may then corDtinue 

until the upper end 120b of the expandable tubular member is radially expanded aind 
plastically deformed along vvith the overlapping portton of the wellbore casing 110. 
Because the expansion cone segments 425 may be adjustably positioned from am 
outside diameter less than the inside diameter of the expandable tubular member 120 
15 to an outsMe diameter substantially equal to the inside diameter of the preexisting 
casing 1 10, the resulting welibore casing, including the casing 1 10 and the radially 
expanded tubular member 120, created by the opeiatton of the apparatus 400 may 
have a single substantially constant inside diameter thereby providing a mono^iaimeter 
welibore casing. 

During the radial expansion process, the expansion cone segments 425 may be 
raised out of the expanded portion of the tubular member 120 by applying an upward 
axial force to the tubular support member 415. In a prefened embodiment, during the 
radial expanskm process, the expanston cone segments 425 are raised at 
approximately the same rate as the tubular member 120 Is expanded In order to koep 
the tubular member stattonary relative to the new weDlbore section 115. 

In a preferred embodiment, when the upper end portion of the expandable 
tubular member 120 and the lower portion of the welibore (sising 1 10 that oveirlap writh 
one another are plasticaily defomned and radially expanded by the expanston cone 
segments 425. the expanston cone segments are displaced out of the welibore 100 by 
both the operating pressure within the Interior of the tubular member 120 and a 
upwardly directed axial force applied to the tubular support member 405. 

in a preferred embodiment, the operating pressure and flow rate of the fluidic 
material 275 is oontrollably ramped down when the expanston cone segments 425 
reach the upper end portton of the expandable tubular member 120. In this manner, 
the sudden release of pressure caused by the complete radial expansion and plastic 
defomiatton of the expandable tubular member 120 off of the expansion cone 



segments 425 can be minimized. In a preferred embodiment, the operating pressure Is 
reduced In a substantially linear fashion from 100% to about 10% during the end of the 
eKtrusion process beginning when the expansion con® segments 425 are wittiin about 
5 feet (1 .524 m) from completion of ttie eidrusion process. 

Alternatively, or In combination, the vaail thickness of the upper end portion of 
the expandable tubular member 120 Is tapered in order to gradually reduce the 
required operating pressure for plastirailly deforming and radially expanding tiie upper 
end portion of tiie tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

Memativeiy. or in combination, a shock absorber is provided In the tubular 
support member 405 in order to absorb VtKt shock (^used by the sudden release of 
pressure. The shock absorber may comprise, for example, any conventional 
commerdally available shock absorber, bumper sub. or jare adapted for use In wellbore 
operations. 

Altematively, or In combination, an expanston cone catching structure is 
provided in ttie upper end portion of the expandable tubular member 120 in order to 
catch or at least deceterate the expanston cone segments 425. 

Altematively, or in combination, during ttie radial expansion process, an upward 
axial force is applied to the tubular support member 415 sufficient to plastically deform 
and radially expand the tubular member 120 off of the external surfaces. 225bb and 
225bc, of the expansion cone segments 425. 

Alternatively, or in combination, in order to facilitate the pressurization of the 
interior 120a of the expandable tubular member by the injection of the fiuidic materials 
275. the region within the wellbore section 1 15 below tiw apparatus 400 may be 
fluMidy seated off in a convention manner using, fbr example, a packer . 

Once the radial expansion process is completed, the tubular support member 
405. the tubular support member 410, Oie tubular support member 415, ttie end stop 
420, the expansion cone segments 425, the split ring collar 430. the dog assembly 435. 
ttie packer cup assembly 440, the spacer 445, ttie packer cup assembly 450, and the 
dog assembly 455 are removed firom the wellbores 100 and 115. 

Referring now to Figs. 9. 9a. 10 and 10a, an embodiment of an adjustable 
expansion cone assembly 500 vAW be described. The assembly 500 includes a tubular 
support member 505 that defines a passage 505a and includes a flange 505b. an 
expansion cone support flange assembly 505c and an end stop 505d. The expansion 
cone support flange assenrrtjiy 505c includes a tubular body 505ca and a plurality off 
equally spaced apart expansion cone s^ment sup port members 505cb that extend 
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outwardly from the tubular body in the rsdlal direction that each include Identiral bases 
SOScba and extensions 505cbb. The support members 505cb further include first 
secUons SOScbc having arcuate oonlral outer surfaces and second sevens SOScM 
having arcuate qfUndrical outer surfaces for nsasons to be described. 

An expansion cone s^ment assembly 510 Is provided that includes a tubular 
support 510a defining a passage SlOaa for receiving the tubular support member 505 
and a slot SlOab. A piumli^ of apaosd apart and substantially Identlrail resilient 
expansion cone segment collets SiOb extend from the tubular support 510a in the axial 
direction that include expansion cone segments SlOba extending therefrom In the axial 
dlrBcHon. Each of the expansion cone s^ments SlOba further indude arcuate conical 
expansion surfaces 510baa for radially expanding an expandable tubular member. 

A split ring collar 515 is provided that defines a passage 515a for receiving the 
tubular support member 505 that Includes an L-shaped retaining member 51 5b at one 
end for mating with the slot 510ab of the tubular support 510a of the expansion cone 
segment assembly 510. Another end of the split ring collar 515 Includes an L-shaped 
retaining member 51 5c. A tubular sleeve 520 is provided that defines a passage 520a 
for receiving the tubular support member 505 that includes a slot 520b for receiving the 
L-shaped retaining member 515c of the split ring collar 515. 

During operation of the assembly 500, as illustrated in Figs. 9 and 9a. in an 
unexpended position, the expansion cone segments 510ba of the expansion cone 
segment assembly 510 are positioned adjacent to the base of the conical section 
505cbc of ttie expansion cone segment support members 505cb wdth the outside 
diameter of the expansion cone segments less than or equal to the maximum outside 
diameter of the assembly. As Hiustrated in Figs. 10 and 10a. the assembly 500 may 
then be expanded by displacing the tubular sleeve 520. the split ring collar 515. and the 
expansion cone segment assembly 510 in the axial direction towards the expansion 
cone segment support members 505c8). As a result, the expansion cone segments 
510ba are driven up the conical section 505cbc of the expansion cone segment 
support members S05cb and then onto the cylindrical section 505cbd of the expansion 
cone segment support members until the expansion cone segments Impact the end 
stop 505d. In this manner, the outside diameter of the expansion segments 510ba Is 
greater than the maximum diameter of the remaining components of the assembly 500. 
Furlhennore. the conical outer surfaces 510baa of the expansion cone segments 
510ba may now be used to radially expand a tubular member. Note that the 
extensions 505cbb of the expansion cone segment support members 505c8) provide 
support In the drcumferentiai direction to the adjaos nt expansion cone segments 



3^ 

51 Olbat. in an exsmpiary embodiment, the outer rani^l surfaces 51 Obaa o? the 
expansion oone segments SlOba in the expanded position of the assembly 500 provide 
a substantiaity continuous outer oonirai surfaces {n the dr^nrrferential direction. 
The assembly 500 may then be returned to the unexpanded position by 

5 displadng the tubular sleeve 520, the split ring oollar 515, and the expansion oone 
segment assembly 510 in the axlial diinedion mmy from the expansion cone s^rrtent 
support rmmbers 505cb. As a result the expansion cone segments SlOba are 
displaced off of the Qflindrlcall section 505cbd and the a>ni(^l sedbn 505cbc of the 
expansion cone segment support members 505clb. Berause the collets 51 Ob of the 

10 expansion cone segment assembly 510 are resilient, the expansion segments SlOba 
are thereby returned to a position on which the outside diameter of the expansiosiD cone 
segments is less than or equal to the maximum diameter of the remaining components 
of the assembly 500. 

Dn several alternative embodiments, the assembly 500 is incorporated into the 

1 5 assemblies 200. 300 and/or 400. 

Referring now to Figs. 1 1 , 1 la, 12 and 12a. an embodiment of an adjustable 
expansion cone assembly 600 ^11 be described. The assembly 600 includes a tubular 
support member 605 that defines a passage 605a and includes an expansion cone 
support flange assembly 605b, and an end stop S05c. The expansion cone support 

20 flange assembly 605b includes a tubular body 505ba and 8 plurality of equally spaced 
apart expansion cone segment substantially identical support members 605bb that 
extend outwardly from the tubular body in the radial direction. The support members 
605bb further include first sections 605bba having arcuate Qftindric^l oufeer surfaces, 
second sections 605bbb having arcuate conical outer surfeices, and third sections 

25 605bbc having arcajiate cylindrical outer surfeoes for reasons to be described. 

An expansion cone segment assembly 610 is provided that includes a tubular 
support 610a defining a passage 610aa for receiving the tubular support member 605 
and a slot 610ab. A plurality of spaced apart and substantially Identical resilient 
expansion cone segment collets 610b extend from the tubular support 610a in the axial 

30 direction that include expansion cone segments 610ba extending therefrom In the axial 
direction. Each of the expansion cone segments 610ba further include arcuate conical 
expansion surfaces 610baa for radially expanding an expandable tubular member. 

A split finQ collar 615 is provided that defines a passage 615a for receMng the 
tubular support member 605 that includes an L-shaped retaining member 615b at one 

35 end for nnating with the slot 610ab of the tubular support 610a of the expansion cone 
segment assembly 610. Another end of the spilt rin g oollar 615 Includes an L-shaped 



retaining mamber 615c. A tubular slsav® 620 is provided that defines © passage 620a 
for receiving the tubular support niembeir 605 that Includes a slot 620b ^ receiving the 
L-shaped retaining niember 615c of the split ring coliar 615. 

During operation of the assembly 600, as illustrated in Figs. 11 and 11a, in an 
5 unexpanded position, the e)tpansioin cms segments 610ba of the expansion cone 
segment assembly 610 are positior^ed on the cyiindricall section 605bba, adjacent to 
the base of the conical section 605bbb, of the e}tpansion cone segnfient support 
members 605bb with the outside diameter of the expansion cone segments less than 
or equal to the maximum outscde diameter of the assembly. As illustrated In Rgs. 12 

10 and 1 2a, the assembly 600 may then be expanded by displacing the tubular sleeve 
620, the split ring collar 615, and the expansbn cone segment assembly 610 m the 
axial direction towards the expansion com segment support members 605bb. As a 
result, the expansion cone s<^ments 610ba are driven up the ronical section 605bbb 
of the expansion cone segment support members 605bb and then onto Vhe cylindrical 

15 section 605bbc of the expansion cone segment support members until the expansion 
cone segments impact the end stop 605c In this manner, the outside diameter of the 
expansion segments 610ba is greater than the maximum diameter of the remaining 
components of the assembly 600. Furthenmore, the conical outer surfaces 610baa of 
the expansion cone segments 610ba may now be used to radially expand a tubular 

20 member. In an exemplary embodiment, the outer ooniral surfaces 610baa of the 

expansion cone segments 610ba in the expanded position of the assembly 600 provide 
a substantially continuous outer conical surfaces in the drcumferential direction. 

The assembly 600 may then be returned to the unexpended position by 
displacing the tubular sleeve 620, the split ring collar 615, and the expansion cone 

25 segment assembly 61 0 in the axial direction away from the expansion cone segntent 
support members 605bb. As a result, the expansion cone segments 610ba are 
displaced off of the cylindrical section 605bbc and the coni^ section 605bbb and back 
onto the cylindrical section 60Sbba of the expansion cone segment support members 
605bb. Because the collets 610b of the expansion cone segment assembly 610 are 

30 resilient, the expansion segments 610ba are thereby returned to a position in which the 
outside diameter of the expansion cone segments is less than or equal to the maximum 
diameter of the remaining components of the assembly 600. 

In several alternative embodiments, the assembly 600 is incorporated into the 
assemblies 200, 300 and/or 400. 

35 Referring now to Figs. 13, 13a. 13b, 13c 14 and 14a, an embodiment of an 
adjustable expansion cone assembly 700 will be de scribed. The assembly 700 



includes a tubuier support msmbeir 70S that definss a passage 705a and includes an 
expansion cons support flange assembly 705b, and m end stop 705c. The expansion 
cone support flange assembly 705b inc9udes a tubular body 705ba and a plurality of 
equally spaced apart expansion cone S(^ment substantially Identiral support members 

5 705bb that extend outimrdly from the tubular body in the radial direction. The support 
members 70Sbb further include first sections 705bba having arcuate qrlindrk^l outer 
surfaoss, sea)nd sections 705bbb having arcuate ranlrai outsf surfaces, and third 
sections 705bbe having arcuate c^irMcsA outer surfeees for reasons to be described. 
An expansion cone segment assembly 710 is provided that includes a first 

10 tubular support 710a defining a passage 710aa for receiving the tubular support 
member 705 that includes a slot 710ab and a second tubular support 710b defining a 
passage 710ba for receiving the tubular support member 705 that includes a plurality of 
spaced apart and substantially identlraii axial slots 710bb. A plurality of spaced apart 
and substantially identical resilient expansion cone segment collets 71l0ac extend from 

1 5 the first tubular support 71 Oa in the axial direction and are nsoaived within 

corresponding ones of the axial slots 71 Obb In the second tubular support 710b that 
Include substantially identiral expansion cone segments 710arai extending therefrom In 
the axial direction. A plurality of spaced apart and substantially Identical reslHent 
expansion cone segment collets 710bc extend from the second tubular support 710b in 

20 the axial direction that are interleaved and overlap with the expansion cone s^ment 
collets 710ac and that Include substantially Wentlcal expansion cone segments 710bca 
extending theiefrom In the axial direction. Each of the expansion cone segments, 
710a(a and 710b«ii, further Include arcuate conioil expansion surfaces. TlOacaa and 
710braa, respectively, for radially expanding an expandable tubular member. A 

25 plurality of pins 715a-715d couple the expansion cone segment collets 710ac to the 
second tubular support 710b. 

A ^lit ring collar 720 Is provMed that defines a passage 7^ for receiving tSie 
tubular support member 705 that includes an L-shaped retaining member 720b at one 
end for mating with the slot 710ab of the first tubi^r support 710a of the expansion 

30 cone segment assembty 710. Another end of the split ring collar 720 Includes an L- 
shaped retaining member 720a A tubular sleeve 725 is provided that defines a 
passage 725a for receiving the tubular support member 705 that Includes a slot 725b 
for reosiving the L-shaped retaining member 720c of the splK ring collar 720. 

During operation of the assembty 700. as Illustrated In Figs. 13. 13a. 13b. and 

35 13c. In an unexpended position, the expansion cons segments 710aca of the 
expansion cone segnwnt assembty 710 overlap wit h and are positioned over the 



Gxpansion com segments 710bra of Sti® ®:tpansion cone s^ment assembly, adjacent 
to ihe base of the conical section 705bbb, oif the expansion cone segment support 
members 705bb with the outside diameter of the expansion rane s^ments less than 
Of equal to the maximum oultside diameter of the assembly. As Dllisstrated in FEgs. 14 
5 and 14a, the assembly 700 may then be expanded by displacing the tubular sleeve 
723, the split ring collar 720, and the expartsion one segment assembly 710 lin the 
axial direction towards the expansion cosie S(^ment support nfiembers 705bb. As a 
result, the expansion cone segments, 710aca and 710bca, are drSven up the TOnieal 
section 705bbb of the expansion cone s^ment support members 705bb and then onto 

10 the Q^indri^l section 705bbc of the expansion cone segment support members until 
the expansion cone s^ments impad the end stop 705c. In this manner, the outside 
diameter of the expansion segments, 710ara and 710bra, Is greater than the 
maximum diameter of the remaining components of the assembly 700. Furthemiore, 
the conical outer surfaces, 710a(^a and 710bc^, of the expansion cone segments, 

15 710aca and 710bca, respectively, may now be used to radially expand a tubular 
member. In an exemplaiy embodiment, the outer conical surfaces, 71 Oac^ and 
710bcaa. of the expansion cone segments, 710aca and TiObca, respectively, on the 
expanded position of the assembly 700 provide a substantially continuous outer conical 
surfaces in the drcumfer^sntial direction. 

20 The assembly 700 may then be returned to the unexpanded position by 

displacing the tubular sleeve 720, the split ring collar 715. and the expansion cone 
segment assembly 710 in the axial direction away from the expansion cone segment 
support members 705bb. As a result, the expansion cone segments, 710ara and 
710bca, are displaced off of the cylindrical section 705bbc and the conical section 

25 705bbb and bade onto the cylindriral section 705bba of the expansion cone s^ment 
support members 705bb. Because the collets, 710ac and 710bc, of the expansion 
cone segment assembly 710 are resilient, the expansion segments, 710ara and 
710bca, are thereby returned to a position in which the outside diameter of the 
expansion cone segments is less than or equal to the maximum diameter of the 

30 remaining components of the assembly 700. 

In several alternative embodiments, the assembly 700 is incorporated into the 
assemblies 200, 300 and/or 400. 

Refening to Figs. 15 and 15a-15j, an alternative embodiment of an apparatus 
800 for forming a wellbore casing in a subtenranean formation will now be described. 

35 The apparatus 800 indudes a tubular support member 605 defining an internal 

passage 805a that is coupled to an end of a tubular coupling 810 defining an internal 



passage 810a. The other end of the tubular coupling 810 Is coupled to an end of so 
tubular support member 815 defining an Internal passage 81 §s having a throat 
passage 81§aa that indiusdes a first radial passage 815b, a first flange 815c having a 
second radial passage 81 5d, a second flange 81 5e having opposite shoulders, 81 Sea 

5 and 815eb, a third flange 815f, and an expansion cone support body 815g. The other 
end of the tubular support member 815 is coupled to a tubular end stop 820 that 
defines a passage 820a. 

As Illustrated in Figs. 15d and 15e, the e^qpansJon cone support body 81 5g 
includes a first end 815ga, a tapered hexagonal portion 81§gb that includes a plurality 

10 of T-shaped slots 81 5gba provided on each of the external faceted surfeces of the 
tapered hexagonal portion, and a second end 815gc. In an exemplary embodiment, 
the angle of attack of the tapered hexagonal portion 815gb ranges from about 35 to 50 
degrees for reasons to be described. 

As Illustrated in Figs. 15, 15a«»15c, and 15f-15j, a plurality of expansion cone 

15 segments 825 are provided that indud© first ends 825a that include T-shaped retaining 
members 825aa and second ends 825b that include T-shaped retaining members 
825ba that mate with and are received within corresponding T-shaped slots 815gba on 
the tapered hexagonal portion 815gb of the expansion cone support body 815s, first 
extemal surfeices 825bb, second external surfeces 825bc and third exlemal surfaces 

20 825bd. Thus^ in an exemplary embodiment, a total of six expansion cone segnnents 
825 are provided that are sfidabiy coupled to oonrespondlng sides of the tapered 
hexagonal portion 815gb of the expansion cone support body 81 5g. 

In an exemplary embodiment the widths of the first external surfaces 825bb of 
the expansion cone segments 825 increase in the direclion of the second external 

25 surfaces 825bc, the widths of the second external surfaces are substantially oonstent. 
and the widths of the third extemal surfaces 825bd decrease in the direction of the first 
ends 825a of the expansion cone segments for reasons to be described. In an 
exemplary embodiment, the first external surfeces 825bb of the expar^n cone 
segments 825 taper upwardly in the direction of the second extemal surfeces 825bc, 

30 the second extemal surfeoes taper upwardly In the direction of the third exteniaii 
surfaces 825bd, and the third extemal surfaces 825bd taper downwardly {n the 
direction of the first ends 825a of the expansion cone segments for reasons to be 
described. In an exemplary embodiment, the angle of attack of the taper of the first 
extemal surfaces 825bb of the expansion cone segments 825 are greater than the 

35 angle of atteck of the taper of the second extemal surfiaoes 825bc. On an exemplary 
embodiment, the first and second extemal surfaoas , 825bb and 825bc, of the 
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expansion cone segments 825 are arcuate such that when the expansion cone 
segments 825 are displaced in the directbn cf the end stop 420, the first and second 
external sur^oes of the expansion cone segments provide a substantially continuous 
outer circumferential surface for nsasons to be described. 

As illustrated in Fig. 15i, in an exemplary embodiment, the external surfeioes, 
825bb, 825bc and 825bd. of the second ends 825b of the expansion ooud® s^ments 
825 ar® adapted to mate with one another in order to interlock adjacent expansion 
cone segments. 

A split ring collar 830 that defines a passage 830a for receiving the tubular 
support member 815 Is provided that includes a first end that includes plurality of T- 
shaped slots 830b for reosivlng and mating with oorresponding T-shaped retaining 
members 825aa of the expansion cone segments 825 and a second end that indudes 
an L-shaped retaining member 830a In an exemplary embodiment, the split ring collar 
830 is a conventional spot ring collar commercially available from Halliburton Energy 
Services modified in accordance with the teadiings of the present disdosure. 

A dog assembly 835 is provided that indudes a tubular sleeve 835a that defines 
a passage 835aa for reosiving the tubular support member 815 and indudes a slc^ 
835ab for receiving and mating with the L-shaped retaining member 830c of the split 
ring collar 830, a oounterbore 835ac and a radial passage 835ad. An end of a load 
transfer pin 835b passes through the radial passage 835ad and Is coupled to a 
retaining ring 835c that defines a passage 835ca for receiving the flange 81 5f of the 
tubular support member 81 5 and is received within the counterbore 835ac of the 
tubular sleeve. A ring 835d that defines a passage 83&Ja for receiving the tubular 
support member 815 and a spring 835e are also received within the oounterbore 835ac 
of the tubular sleeve 835a between the flange 815f and the end of the counterbore. 
The other end of the load transfsr pin 835b is coupled to an end of a tubular sleeve 
835f that Indudes a counterbore 835fa for receiving the tubular sleeve 835a, a radial 
passage 835fb for receiving a oonventional resilient dog 835g, a oounterbore 835fcfor 
receiving and mating with the flange 815e of the tubular support member 815. a flange 
835fd, and a flange 835te induding counteri)ores. 835frand 835^g, that n»te with and 
receive the flange 815c of «ie tubular support member, and a radial passage 835fh. 

A first oonventional packer cup assembly 840 that defines a passage 440a for 
receiving the tubular sleeve 835f indudes a first end 840b that mates with the flange 
835fd of the tubular sleeve 835f, a conventional sealing cup 840c and a second end 
840d. A tubular spacer 845 that defines a passage 845a for reosMng the tubular 
sleeve 835f Indudes a first end 845b that mates with the second end 840d of the first 
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packer cup assembly 840 and a serand end 845c. A seoM^d conventonal packer cup 
assembly 850 that defines a passage 850a for recsMng Hhe tubular sleeve 835f 
includes a first end 850b that mates with fiie second end 845c of the spacer 845, a 
conventional sealing cup 850c, and a second end 850d that mates vwith ttie flange 

5 835fe of the tubular sleeve. 

In an exemplary embodiment, during operatton of the apparatus 800, as 
illustrated in Figs. 15 and 15a-15j, the apparatus irreay be initially positioned in the 
welibore 100, within the rasing 1 10. with the dog assembly 835 positioned In a neutral 
position in which the radial passage 81 5d of the tubular support member 815 Is fluWidy 

10 coupled to the radial passage 835fh of the dc^ assembly 835 and the e}(panslon cone 
segments 825 are not driven up th® tapered heKagonal portion 815gb of the expansion 
cone support body 81 5g of the tubular support member 81 5 Into contact wtth Ihs stop 
member 320. In this manner, fluidic materials within the interior 815a of the tubular 
support member 815 may pass through the radial passages, 815d and 835fh, Into the 

15 annulus between the apparatus 800 and the casing 110 thereby preventing over 

pressurization of the annulus. Furthemnore. in this manner, the outside diameter of the 
expansion cone segments 825 Is less than or equal to the outside diameter of the stop 
member 820 thereby permitting the apparatus 8G0 to be displaced wlttiin the casing 
110. 

20 As illustrated in Figs. 16, and 16a-16c, th® apparatus 800 may then be 

positioned in the tubular member 120. During the insertion of the apparatus into the 
tubular member 120, the upper end 120b of the tubular member may impact the end of 
the resilient dog 835g of the dog assembly 835 thereby driving the reslTient dog 835g 
backwards onto the shouMer SISea of the flange 815® of the tubular support member 

25 815. As a result of the backward axial displacement of the resilient dog 835g. the 
tubular sleeve 83Sf. the pin 835b. the retaining ring 835c, the ring 83Sd. and the spring 
83Se of the dog assembly 835 are driven badoivard thereby compressing the spring 
835e and applying an axial biasing force to the tubular sleeve 835a that prevents the 
expanston cone segments 8^ fifom being displaced toward the end stop 820. 

30 The apparatus 800 may then be at least partially positioned in the open hole 

sectton 1 15a of the welibore section 1 15. beyond the lower end 120c of the tubular 
member 120. In an exemplary embodiment, that portion off the apparatus 800 that 
Includes the stop member 820. the expanston oone segments 825, the split ring collar 
830, and the dog assembly 835 is then positioned in the open hole section 115a of the 

35 welibore secBon 1 1 5, beyond the lower end 1 20 of the tubular member for reasons to 
be described. Because the 60s 835g of the dog as sembly 835 is resilient once the 
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apparatus 800 has been positioned in the open hole section 1 15& of the v^llbore 
section 115, beyond the Ic^r end 120c of the tubulair member 120, the resilient dog of 
the dog assennbly may spring outwardly in the radial direction. 

The apparatus 800 may then be repositioned at least partially back ^thin the 
5 tubular member 120. During the re-insertion of the apparatus into the tubular member 
120, the lower end 120c of the tubular member ^my impact the ends of the resilient 
dog 83Sg of the dog assembly 835 thereby driving the resilient dog fomard until the 
resHient dog lis positioned omito the shoulder 815eb of the flange 81 5e of the tubular 
support member 815. 

10 As a result of the forvvard axial displacement of the resilient dog 835g, the 

tubular sleeve 835f, the spring 835e, the ring 835d, the ring 835c, the pin 33Sb, and the 
tubular sleeve 835a are displaced In the fomvard axial direction thereby also displacing 
the split ring collar 830 and the expansion cone segmients 825 in the fonfuard axial 
direction. As a result, the expansion cone segments 825 ame driven up the tapered 

1 5 hexagonal portion 81 5gb of the expansion cone support body 81 5g of the tul>ular 

support member 81 5 Into contact with the stop member 320. Furthenmore, as a result 
of the fbnrard axial displacement of the tubular sleeve 835f, the radial passages, 815d 
and 83Sfh, are fluididy decoupled. As a result fluldic materials within the tubular 
support member 815 may not pass into ttie annulus between the tubular support 

20 member and the tubular member 120. 

As a result of the forward axial displacement of the resilient dc^ 435e, the 
outside diameter of the expansion cone segments 825 is now greater than the inside 
diameter of expandable tubulair member 120 thereby permitting the apparatus 800 to 
be used to radially expand and plastically deform the tubular nr^amber, and fluidic 

25 materials within the interior 815a of the tubular support member 815 may no longer 
pass through the radial passages, 81 5d and 455ed, Into the annulus between the 
apparatus 800 and the tubular member thereby permitting the interior of the apparatus 
to be pressurized. 

The apparatus 800 may then be operated to radially expand and plasti^liy 
30 defomri the tubular member 120 by applying an upward axial force to the tubular 
support member 815 and/or by injecting a pressurized fluidic material into the tubular 
support member. 

in particular, as illustrated in Rgs. 17 and 17a-17c. the expandable tubular 
member 120 may then be radially expanded using the apparatus 800 by injecting a 
35 fluidic material 275 into the apparatus through the passages 805a, 810a, 815a, and 
820a. The injection of the fluidic material 275 may pressurize the interior 120a of the 
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During th© radial expansk)n process, th® ®}tps)nsion con® s^msnte 825 may b® 
raised out of th© expanded portion of the tubular member 120 by applying an upward 
a}dal force to th® tubular support member 815. In a preferred ennbodiment, during the 
radial expansion process, th® expansion cone s^ments 825 are raised at 
approximately the same rat® as the tubular member 120 is expanded in offder to keep 
th® tubular member stationary relative to the new welltor® section 115. 

In a prefemed embodiment, when the upper end portion of the expandable 
tubular member 120 and th® lower portton of the wellbore rasing 1 10 that overiap with 
on® another are plastirally defonmed and radially expanded by the expansion cone 
segments 825, the expansion cone segments are displaced out of the wellbore 100 by 
both the operating pressure v^thin the interior of the tubular member 120 and a 
upwardly directed axial fore© applied to the tubular support member 405. 

In a preferred embodiment, th® operating pn^ure and flow rate of the fluldic 
rraterial 275 is controllably ramped down when the expansion cone segments 825 
reach the upper end portion of the expandable tubular member 120. In this manner, 
the sudden release of pressur® caused by the complete radial expansion and plastic 
defonmation of the expandable tubular member 120 off of th® expansion cone 
segments 825 can be minimized. In a preferred embodiment, the operating pressure Is 
reduced In a substantially linear fashion from 100% to about 10% during the end of the 
extrusion process beginning when the expansion con® segments 825 are within about 
5 feet (1 .524 m) from completion of the extrusion process. 

Alternatively, or In combination, the wall thickness off the upper end portion of 
the expandable tubular member 120 is tapered in order to gradually reduce th® 
required operating pressure for plastically defonming and radially expanding th® upper 
end portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

Alternatively, or in combination, a shock absorber is provWed in the tubular 
support member 805 in order to absorb the shock caused by the sudden release of 
pressure. The shock absorber may comprise, for example, any conventional 
comnrerciaiiy available shock absort)er. bumper sub. or jars adapted for use In wellbore 
operations. 

Alternatively, or in combination, an expansion cone catching stmcture Is 
provided In the upper end portion <^ the expandable tubular member 120 in order to 
catch or at least decelerate the expansion cone segments 825. 

Alternatively, or in combination, during the radial expansion process, an upward 
axial force is applied to flie tubular support member 81 5 suffident to plastically deforni 



and radially e^and th® tubular member 120 off of th® (S3xiBfm\ surfaoss, 225bb and 
22Sbc, of th® expansion mm s^ments 825. 

AUtematively . or foi combination, in order to ^dlitat® Hhe pinsssurteation of the 
Interior 120a c/l ISi® e}{pandablle tubular member by the injedSon of the fluldie materials 

5 275, the region within th® wellbor® section 1 1 5 below the apparatus 800 may be 
fluididy sealed off in a convention manner using, for e^tampie, a padlcer. 

Once the radial expanston process is completed, th® tubular support member 
805, th® tubular support member 810, the tubular support member 815, th® end stop 
820, ttie Q5(pansion con© segments 825, th® spilt ring collar 830, the dog assembly 835, 

10 the packer cup assembly 840, the spacer 845, and the padter cup assembly 850 ar® 
removed from the wellbores 100 and 115. 

If the expansion cone segnnents 825 become lodged within th® expandable 
tubular member 120 during th® radial expansion pmcess, then a ball 280 may b® 
placed in th® throat 815aa of th® passag® 815a of the tubular support member 815. 

1 5 The continued injection of the fluldic material 275 Jbllowing the placennent of th® ball 
280 in the throat 81 5aa of the passage 81 5a of th® tubular support mambor will th®n 
pressurize the radial passage 815b and an annular portion 835fga of th® counterbor® 
835fg. As a result of the pressurlzation of th® annular portion 835fga of th® 
counterbore 835fg, the tubular sleeve 835f, the pin 835b, the retaining ring 835c th® 

20 ring 835d. the spring 835®, and the tubular sleeve 835a off the dog assembly 835, and 
the spilt ring collar 830 are driven backward thereby dispiadng the expansion cone 
segments 825 backwards in the axial direction away firom the end stop 820. In this 
manner, the outside diameter of the expansion oone segments 825 Is thereby reduced 
and the apparatus 800 may then be removed from th® expandable tubular member 

25 120. 

Referring now to Figs. 18a, 18b, 18c, and 18d, an embodiment of an adjustable 
expansion oone assembly 900 will be described. Th® assembly 900 Includes a tubular 
support member 905 that d®ffin®s a passage 905a and Indudas an axpansion con® 
support flange assembly 905b that is coupled to an end stop 910 that defines a 

30 passage 91 Oa. The expansion oone support flange assembly 905b indudes a first 
tubular end 905ba, a second tubular end 905bb, and an Intmmediat® hexagonal 
conical tubular body 905bc that indudes a plurality of substantially Identical and equally 
spaced apart expanston cone segment support slots 905b^a-905bcaf on each of the 
facets of the hexagonal tubular body. 

35 A plurality of first expanston cone segments 91 5a-91 5c are provided that 

indude T-shaped retaining members 915aa-915ra that mate \ft4th and are movably 



reosivod within th® T-shapQdl slots 805bc^si, 905b^c and 905b^@ of th® haitagonal 
conical tubular body 905bc of th® ®:cpanslon con® support ass®mbly 905b, T-shap®d 
retaining msmbers 915ab°91§cb, GX^diior top suffaoas 91§ao-915cc, exteirtortop 
surfac®s 915ad-91l5cd, ®}tt®rtor top surfeicas 915a®*^1503, Q}tt®rior top surfaces 91Saf- 
5 91 Sc^, and G}(t®nor top surfaces 915ag-915Gg. In an ®)(®noplary ®mbodim®nt, th® 
®}tt®rior top sujfaoss 915ao-91Sce artd th® ®xt®ii1oir top surfac®s 915ad-915cd ar® 
arcuat® ranic^l surfac®s in vvhich th® angi® of attack of th® ®xt®riof top sur^ces 9i5a&* 
91 See is gr®at®(r than th® angle of attack of th® eittarior top surfeass 915ad-915cd. 

A plurality of second expansson con® segments 920a-920c that ar® inter1®av®d 

1 0 with and oomplenientary shaped to the first eitpansion con® segrmnts 91 5a-91 5c, ar® 
also provided that include T-shaped retaining mennbers 920aa*920CT that rriat® with 
and are nnovably received within the T-shaped slots 905bcab, 905b(^, and 905b<^f of 
th® heitagonal conical tubular body 905bc of th® ®}(pansion oon® support assembly 
905b, T-shaped retaining members 920ab=>920cb, exterio^r top surfaces 920ac-920cc, 

1 5 e}cterior top surfaces 920ad-920cd, ejtterior top surfaces 920ae-920ce. exterior top 
surfaces 920af-g20cf. and esderior top surfaces 920ag-920cg. In an exemplary 
embodiment, the mtotior top surfaoas 920ao-920oc and the esdehor top surfaces 
920ad-920cd are arcuate conical surfaces in which the angle of attack of the exterior 
top surfaces 920ao920oc is greater than the angle of attack of the exterior top 

20 surfaces 920ad-920cd. 

A split ring collar 925 is provided that defines a passage 925a for receiving the 
tubular support member 905 that includes an L-shaped retaining nnember 925b at one 
end and another end of the split ring collar 925 includes T-shaped stole, 925c, 925d, 
925®, 925f, 925g, and 925h, for mating with and receiving the T*shaped retaining 

25 members. 915ab, 920ab, 915bb, 920bb, 915cb, and 920cb, of the expansion cone 

segments, 915a, 920a, gi5b, g20b, 915c, and 920c, respectively. A tubular sleeve 930 
is provided that defines a passage 930a for receiving the tubular support mennber 905 
and that also includes a slot 930b for receiving and mating with the L-shaped retaining 
member 925b of the split ring collar 925. 

30 During operation of the assembly 900, as illustrated in Figs. 18a, 18b, 18c and 

18d, In an unexpended position, the expansion cone s^menls. 915a. 915b, 915c 
915d, g20a, 920b. 920c and 920d are positioned adjacent to the base of the 
hexagonal conical tubular body 90Sbc of the expanston cone support flange 905b away 
from the end stop 910. In this manner, the outside diameter of the expansion cone 

35 segments is less than or equal to the maximum outskle diameter of the assembly. 
Furthermore, in Uie unexpended position, the expanston cone segments, 915a, 915b, 



and 91 5c. are positioned further away from the end stop 910 than the expansion cone 
segments. 920a, 920b. and 920c. 

As Illustrated in Ftgs. 19 and 19a. the assembly 900 may then be expanded by 
displacing the tubular sleeve 930 and the split ring collar 925 In the wda dhedion 
towaixJs the expansion cone segment support members 705bb. M a result, the 
expansion cone s^ments. 915a. 915b. 915c 920a. 920b. S20c are driven up the 
hexagonal conical tubular body 905bc of the expansion cone supportt flange 005b until 
the expansion con© segments impact the end slop 910. In this manner, the outside 
diameter of the expansion segments, 915a. 915b. 915c 920a, 920b. and 920c is 
greater than the maximum diameter of the remaining components of the assembly 900. 
FurlhemKMe. the conical outer surf^, 915ac 915bc 815cc 920ac 920bc and 
g20cc. and the conical outer surfeces. 915ad, 915bd. 915od. 920ad. 920bd. and 920cd 
of the expansion cone segments, 915a. 915b. 915c 920a. 920b. and 920c 
respectlveiy. may now be used to radially expand a tubular member. In an exemplary 
embodiment, the outer conical surfaces. 915ac 915bc 915cc 920ac. 920bc and 
920CC and the conical outer surfaces. 915ad. 915bd. 915cd. 920ad, 920bd. and 920cd 
of the expansion cone segments. 915a, 915b. 915c 020a. 920b. and 920c 
respecHveiy. In the expanded position of the assembly 900. provide a substantially 
continuous outer conical surfaces in the drcumferential direction. Furthermore, note 
that In the expanded position of the assembly 900, the first set of expansion cone 
segments, 915a. 915b. and 915c are brought into alignment with the second set of 

expansion cone segments. 920a. 920b. and 920c 

The assembly 900 may then be returned to the unexpended position by 

displacing the tubular sleeve 930 and the spilt ring collar 925 in the axial direction away 
from the end stop 910. As a result, the expansion cone segments. 915a, 915b. 915c, 
920a. 920b, and 920c are displaced away from the end top 910. down the conical 
hexagonal tubular member 905bc and thereby are returned to a position in which the 
outside diameter of the expansion cone segments Is less than or equal to the maximum 
diameter of the remaining components of the assembly 900. 

In several alternative entbodiments, the assembly 900 is incorporated into the 
assembUes 200, 300, 400, and 800. 

Referring to Fig. 20a, an embodiment of an expansion cone segment assembly 
1000 Includes interiocking expansion cone segments, 1000a, 1000b, 1000c, lOOOd. 
10(X)a. and lOOOf. 



Referring to Fig. 20b. an embodiment of an expansion cone segment assembly 
1100 includes interlocking expansion cone segments, 1100a, 1100b, IIOOc. llOOd, 
1100e,and1100r. 

Referring to Rg. 20c an embodiment of an expansion cone segment assembly 
5 1200 Includes interlocking expanskm cone segments. 1200a, 1200b, 1200c, 1 200d, 
1200e,and1200f. 

Referring to Rg. 20d, an embodiment of an expansion cone segment assembly 
1300 indudes interlocking expanskm cone segments, 1300a. 1300b. 1300c. 1300d. 
1300e.and1300f. 

10 Referring to Rg. 20e, an embodiment of an expansion cone segment assembly 

1400 includes intertocking expansion cone segments. 1400a. 1400b, 1400c. 1400d. 
1400e,and1400f. 

Refening to Rg. 20f, an embodiment of an expanskm cone segment assembly 
1500 includes interiocking expanston cone segments, ISOOa, 1500b. 1500c ISOOd, 
15 1500e.and1500f. 

Referring to Rg. 20g. an embodiment of an expansion cone segment assembly 
1600 includes interiockhg expanston cone segments. 1600a, 1600b, 1600c 1600d. 
1600e. and 1600f. 

Referring to Rg. 20h, an embodiment of an expanskm oone segment assembly 
20 1700 includes intertocking expanston cone segments, 1700a. 1700b. 1700c. 1700d. 
1700e. and 1700f. 

Referring to Rg. 20i. an embodiment of an expansion cone segment assembly 
1800 includes interiocking expanston cone segments. 1800a. 1800b. 1800c. 1800d. 
1800e, and 1800f. 

25 Refem'ng to Fig. 20|, an embodiment of an expansion cone segment assembly 

1900 includes interiocking expansion oone segments. 1900a, 1900b, 1000c, 1900d, 
1900e.and1900f. 

Referring to Rg. 20k, an embodiment of an expanston cone segment assembly 
2000 includes intertocking expanston cone segments. 2000a. 2000b. 2000c 2000d, 
30 2000e.and2000f. 

Referring to Rg. 201, an embodiment of an expanston cone segment assembly 
2100 includes intertocking expanston cone segments. 2100a, 2100b. 2100c 2100d, 
2100e.and2100f. 

Referring to Fig. 20m, an embodiment of an expanston oone segment assembly 
35 2200 includes interiocking expansion oone segments. 2200a. 2200b, 2200c, 2200d, 
2200e, and 2200f. 



Tha expansion cons segment assemblies 1000. 1 100, 1200, 1300. 1400. 1500, 
1600. 1700. 1800, 1800, 2000. 2100. and 2200 provide enhanosd operational 
properties such as. for example, efficient radial ejtpansion of expandable tubular 
members amU durabirity during operation. 

5 In several alternative embodiments, the des^n and operational features of the 

apparatus 200. 300. 400. 500, 600. 700, 800. 900, 1000. 1100. 1200. 1300. 1400, 
1500. 1600. 1700. 1800, 1900. 2000. 2100. and 2200 may be combined, in whole or In 
part, and/or the design and operational elements of the apparatus 200, 300, 400, 500, 
600. 700. 800. 900. 1000, 1100. 1200, 1300, 1400, 1500, 1800. 1700. 1800, 1900. 

10 2000, 2100. and 2200 may be interspersed among each other. 

In several alternative embodiments, the apparatus 200, 300. 400, 500. 600, 
700. 800, 900. and 1000. 1100, 1200, 1300, 1400, 1500. 1600, 1700, 1800, 1900, 
2000, 2100, and 2200 rriay be used to form or repair wellboire (asings, pipelines, or 
structural supports. 

15 In several alternative embodiments, the apparatus 200, 300, 400, 500. 6(K). 

700. 800, 900, 1000. 1100. 1200, 1300. 1400, 1500, 1600. 1700. 1800, 1900. 2000. 
2100, and 2200 include two or more expansion cone segments that may be movably 
support and guided on a tapered expansion cone support body that may, for example, 
be conical, or may be a multl^ided body. 

20 In several alternative enrolments, the design and operation of the apparatus 

200, 300, 400. 500. 600. 700. 800, 900. 1000. 1100. 1200. 1300. 1400. 1500. 1600, 
1700, 1800, 1900, 2000. 2100, and 2200 are provided substantially as disdosed in one 
or more of the fdioviring: (1 ) U.S. patent applicatlon serial no. 0fiM54.1 30. attorney 
docket no. 25791.03.02. filed on 12^1990. (2) U.S. patent application serial no. 

25 00/510.913, attorney docket no. 25791.7.02. filed on 2/23/2000, (3) U.S. patent 

application serial no. 00/502.350. attonney docket no. 25701.8.02. filed on 2/10/2000. 
(4) U.S. patent appflcation serial no. 00/440.338, attonney docket no. 25701.0.02. fBed 
on 11/15/1000, (5) U.S. patent applicatton serial no. 00/523,460. attorney docket no. 
25701.11.02. filed on 3/10/2000. (6) U.S. patent appilcatkm serial no. 00/512,805, 

30 atlomey docket no. 25701 .12.02, filed on 2/24/2000, (7) U.S. patent appllcatton serial 
no. 00/511,041, attorney docket no. 25701.16.02. filed on 2/24/2000, (8) U.S. patent 
applteafion serial no. 09/588.046. attorney docket no. 25701.17.02, filled on 6/7/2000, 
(0) U.S. patent appiicatkm serial no. 00/550.122. attorney docket no. 25701.23.02. filed 
on 4/26/2000. (10) PCT patent application serial no. PCT/USOO/18635, attorney docket 

35 no. 25701 .25.02. filed on 7/0/2000, (11) U.S. provisional patent appHcatfon serial no. 
60/182.671. attomey docket no. 25701.27, filed on 1 1/1/1000. (12) U.S. provistonal 



patent application serial no. 60/154,047. attorney docket no. 25791.29. filed on 
9/16/1999. (13) U.S. provisional patent application serial no. 60/159.082, attorney 
docket no. 25791.34. filed on 10/12/1999, (14) U.S. provistonal patent appllcaUon serial 
no. 60/159.039. attorney docket no. 25791.36. filed on 10/12/1999. (15) U.S. 
5 provisional patent applicatton serial no. 60/159.033. attorney docket no. 25791 .37. filed 
on 10/12/1999. (16) U.S. provisional patent application serial no. 60/212,359, attorney 
docket no. 25791.38. filed on 6/19/2000. (17) U.S. provistonal patent application serial 
no. 60/165.228. attorney docket no. 25791.39, filed on 11/12/1999. (18) U.S. 
provisional patent application serial no. 60/221 .443. attorney docket no. 25791.45, filed 
10 on 7/28/2000. (19) U.S. provisional patent appitoation serial no. 60/221 .645. attorney 
docket no. 25791.46. filed on 7/28/2000. (20) U.S. provisional patent appBcatlon serial 
no. 60/233.638. attorney docket no. 25791.47, filed on 9/18/2000. (21) U.S. provistonal 
patent application serial no. 60/237.334, attorney docket no. 25791.48, filed on 
10/2/2000. (22) U.S. provisional patent application serial no. 60/270.007, attorney 
15 docket no. 25791.50, filed on 2/20/2001; and (23) U.S. provistonal patent applicatton 
serial no. 60/262.434. attorney docket no. 25791.51. filed on 1/17/2001; and (24) U.S. 
prwisfonal patent application serial no. 60/259,486. attorney docket no. 25791.52, fited 
on 1/3/2001. the disctosures of which are incorporated herein by reference. 

/^though iliustrative enitxxliments of the inventton have bem shown and 
20 descrit)ed, a wide range of modification, dtanges and substitution Is contemplated in 
the foregoing disclosure. Accordingly, It Is appropriate that the appended claims be 
construed broadly. 



Claims 

1. A method of plastically deforming and radially expanding an expandable tubular 
member using an apparatus comprising a tubular support member, an adjustable 
expansion device movably coupled to the tubular support member, and an actuator 
movaWy coupled to the tubular support member for adjusting the adjustable expansion 

device, comprising: 

coupling a first end of the expandable tubular nnember to a tubular structure; 
Inserting the apparatus into the first end of the expandable tubular member in a 

first direction; 

displacing the actuator of the apparatus in a second direction opposite to the 
first direction; 

applying a resilient biasing force to the adjustable expansion device In the 
second direction; 

moving the actuator and the adjustable expansion device of the apparatus out 
of a second end of the expandable tubular member; 

reinserting the actuator of the apparatus into the second end of the expandable 
tubular member In the second direction; 

increasing the outside diameter of the adjusteble expansion device by 
disptadng the actuator and the adjustable expansion device relative to the expandable 
tubular member In the first direction; and 

plastically deforming and radially expanding the expandable tubular member by 
moving the adjusteble expansion device through the expandable tubular member In the 
second direction. 

2. The method of daim 1. wherein displacing the actuator of the apparatus in the 

second direction comprises: 

Impacting the actuator with the first end of the expandable tubular member. 

3. The method of daim 1 . wherein displadng the actuator and the adjusteble 
expansion device relative to the expandable tubular member In the first direction 
comprises: 

impacting the actuator virfth the second end of the expandabte tubular member. 

4. The method of daim 1 . wherein nruiving the adjusteble expansion device through 
the expandable tubular member comprises: 

puiUng the adjusteble expansion device through the expandable tubular 
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member. 

5. The method of dalm 1 , further comprising: 

flufdidy sealing ttie Interfiace between the tubular support member of the 
5 apparatus and the expandable tubular memben 

wherein moving the adjustable expansion device through the expandable 
tubular member comprises: 

injecting a pressurized fluid into the tubular support member. 

10 6. An apparatus for plasticaily defomning and radially expanding an expandable 
tubular member, comprising: 

a tubular support member; 

an adjustable expansion device movably coupled to the tubular support 
member, 

1 5 actuating means for actuating the adjustable expansion device; 

means for displadng the actuating means of the apparatus in a first direction; 
means for applying a resilient biasing force to the adjustable expansion device 
when the actuating means is displaced in the first direction; 

means for increasing the outside diameter of the adjustable expansbn device 
20 by displadng the aduating means and the adjustable expansion device relative to the 
expandable tubular member in a second direction opposite to the first direction. 

7. The apparatus of dalm 6, wherein the means for displadng the actuating means 
of the apparatus In the first direction comprises: 

25 means for Impacting the actuating means. 

8. The apparatus of dalm 6, wherein the means for displadng the actuating means 
and the adjustable expansion device relative to the expandable tubular member in the 
second direction comprises: 

30 means for impacting the actuating means. 
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